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Chapter One 
I n t r o d u c t i o n 
9 
The Ordnance Survey has f u n c t i o n e d as the c e n t r a l 
survey and mapping o r g a n i s a t i o n i n the p u b l i c s e c t o r i n 
Great B r i t a i n f o r almost two hundred years and has been 
c o n t i n u a l l y i n v o l v e d i n the p r o d u c t i o n and maintenance 
o f the n a t i o n a l topographic database. As the then 
Secretary of State f o r the Environment announced i n 
Parliament on 19th February 1973, one o f the aims o f the 
Ordnance Survey i s t o . . . 
"produce and m a i n t a i n up t o date basic surveys a t 
1:1250 f o r major urban areas and a t 1:2500 or 1:10000 
f o r the remainder o f the co u n t r y . " 
( H a r l e y 1975) 
By 1978 t h e r e were some 53,316 sheets a t 1:1250 
scale i n the urban areas and 164,461 sheets a t 1:2500 
scale f o r the m a j o r i t y o f the r u r a l areas (Thompson 1978). 
I n a d d i t i o n t o the p u b l i c a t i o n o f these basic scales 
data, the i n f o r m a t i o n can b'e u t i l i s e d i n the p r o d u c t i o n 
and r e v i s i o n of the d e r i v e d mapping scales - these being 
1:10000 ( a l t h o u g h some c o n s t i t u t e the basic scale f o r 
remote r e g i o n s o f the cou n t r y ) and 1:25000 ( S e a r l e and 
Waters 1979). 
v S C I E N C E 
\ \ L-.-T'OM // 
The D i s t i n c t i o n Between 1:1250 and 1:2500 Mapping Sheets 
Map sheets a t 1:1250 scale cover approximately 
5.7 per cent o f Great B r i t a i n , w h i l s t the remainder o f 
the r e g i o n i s mapped a t a basic scale of e i t h e r 1:2500 
or 1:10000. The 1:2500 coverage c o n s t i t u t e s the basic 
scale i n f o r m a t i o n f o r almost 76 per cent o f the country. 
The c r i t e r i a governing which basic scale t o adopt 
w i t h i n an area are based on p o p u l a t i o n f i g u r e s .although 
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t h e r e are no hard and f a s t r u l e s so t h a t the system can 
remain f l e x i b l e . Harley (1975) p o i n t s out t h a t f o r an 
area t o be mapped a t 1:1250 sca l e , the present r u l e can 
be f l e x i b l y i n t e r p r e t e d t o i n c l u d e a l l towns o f 20,000 
i n h a b i t a n t s or over and which would r e q u i r e a block o f 
f o r t y or more maps f o r complete coverage. 
The format of each 1:1250 pl a n i s 400mm x 400mm 
which r e p r e s e n t s a ground area o f 500m x 500m. Surface 
d e t a i l w i t h i n towns i s h i g h l y complex and g r e a t 
importance i s attached t o urban map coverage a t l a r g e 
scale since these are u s u a l l y areas o f r a p i d change and 
h i g h l a n d v a l u e s . Although the 1:1250 plans i n v o l v e a 
c e r t a i n p r o p o r t i o n o f f e a t u r e g e n e r a l i s a t i o n s and 
omjafissions, the i n f o r m a t i o n t h a t they do c o n t a i n i s 
w e l l presented and standardised by a s e r i e s o f r u l e s 
adopted by the surveyors and draughtsmen. 
The 1:2500 scale mapping s e r i e s p r o v i d e s basic 
scale coverage f o r most r u r a l r e g i o n s w i t h i n B r i t a i n . 
Although the sheets have a l a r g e r format, 400mm x 800mm 
r e p r e s e n t i n g a ground area of 1km x 2km, they do share 
many o f the a t t r i b u t e s o f the 1:1250 s e r i e s . However, the 
r e d u c t i o n i n scale does imply t h a t the minimum t h r e s h o l d s 
above which a f e a t u r e can be represented should be l a r g e r . 
Harley (1975) p o i n t s out t h a t t h e r e i s a basic, although 
f l e x i b l e , r u l e governing t h i s c r i t e r i o n . The r u l e s t a t e s 
t h a t f e a t u r e s have t o cover an area of 8m x 8m or g r e a t e r 
t o be shown i n p l a n . I n p r a c t i c e however, t h i s lower 
t h r e s h o l d i s o f t e n increased f o r the 1:2500 s e r i e s . A 
t y p i c a l example could i n v o l v e the r e p r e s e n t a t i o n - o f s m a l l 
b u i l d i n g s below the t h r e s h o l d l i m i t s which are s t i l l 
i n c l u d e d because o f t h e i r s p e c i f i c t o p o g r a p h i c a l 
importance. 
The Mapping Programme 
The p r o d u c t i o n o f a l a r g e scale mapping programme 
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i s c o s t l y i n terms o f f i n a n c e , a d m i n i s t r a t i o n and time. 
A l a r g e percentage of OS resources are devoted t o l a r g e 
scale work. Some 800 people are employed as surveyors 
t o p r ovide the i n p u t t o the system and t h e r e are c i r c a 
320 c a r t o g r a p h i c draughtsmen based a t the headquarters 
i n Southampton i n v o l v e d w i t h the p r o d u c t i o n of the f a i r 
drawings. 
The adoption o f a c o n v e n t i o n a l map p r o d u c t i o n 
process has provided the n a t i o n a l topographic database 
i n a g r a p h i c form on a paper based medium. Attached t o 
such a database must be a s o p h i s t i c a t e d management 
system and p r o v i s i o n f o r adequate r e v i s i o n processes.. ' 
The Master Survey Document (MSD) i s the t r a n s p a r e n t , 
s t a b l e base medium which i s used i n the f i e l d f o r the 
i n c l u s i o n or amendment o f any t o p o g r a p h i c a l changes 
which may occur. 
Two s e r v i c e s p r o v i d e d by OS f o r users r e q u i r i n g 
up to date i n f o r m a t i o n are SUSI (Supply of unpublished 
survey i n f o r m a t i o n ) and SIM (Survey i n f o r m a t i o n on 
m i c r o f i l m ) . The MSD can be copied a t any time t o produce 
a SUSI copy. A f t e r f i f t y house u n i t s of change nave 
accumulated on the MSD, i t i s m i c r o f i l m e d t o produce SIM. 
The r e s u l t i n g m i c r o f i l m copy can then be despatched to 
Supersede 
a l l OS agents t o oupercocd the o l d v e r s i o n which i s 
destroyed. 
A f t e r three hundred house u n i t s of change have> 
accrued on the MSD, i t i s r e t u r n e d t o the Southampton HQ 
f o r a new e d i t i o n t o be produced. The c u r r e n t system has. 
been su c c e s s f u l a l t h o u g h t h e r e are s e v e r a l drawbacks 
(Thompson 1979, Simmonds 1978, Maries 1971) some o f which 
are s p e c i f i c t o the needs of the l a r g e r users o f 
t o p o g r a p h i c a l i n f o r m a t i o n . 
Perhaps the l a r g e s t users o f Ordnance Survey data 
are bodies i n v o l v e d i n : 
Local and C e n t r a l Government 
Pu b l i c U t i l i t i e s 
Education and Science. 
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Thompson (1978) p o i n t s out t h a t t h i s type o f user 
r e q u i r e s , i n the s h o r t to middle term, the graphic 
a p p l i c a t i o n s o f the data. However, very o f t e n these 
map sheets c o n t a i n much more i n f o r m a t i o n than the 
users a c t u a l l y r e q u i r e . Indeed t h i s a d d i t i o n a l 
i n f o r m a t i o n i s o f t e n disadvantageous i n t h a t i t encumbers 
the a c t u a l data which they hope t o e x t r a c t . G a r d i n j T e r - H i l l 
(1972) exp l a i n e d , f o r example, how the E l e c t r i c i t y Boards 
tended t o t r a c e from the o r i g i n a l s a s e r i e s o f new maps 
s p e c i f i c to t h e i r requirements, d e p i c t i n g only the f e a t u r e s 
which i n t e r e s t e d tfrem. On these s k e l e t o n base maps they 
could then o v e r l a y the i n f o r m a t i o n they r e q u i r e d t o show 
unburdened by the a d d i t i o n a l f e a t u r e s which were n o t 
r e q u i r e d i n t h e f i r s t p l a c e . 
i 
This approach has been adopted by the GPO t o o . The 
decomposition o f the O'S grap h i c s has enabled the p r o d u c t i o n 
o f data s t o r e s f o r the telephone network. Indeed a l l 
A u t h o r i t i e s r e s p o n s i b l e f o r the d i s t r i b u t i o n o f P u b l i c 
U t i l i t i e s r e q u i r e s i m i l a r s k e l e t o n maps although t he 
ov e r l a y o f i n f o r m a t i o n from one A u t h o r i t y w i t h t h a t o f 
another i s d i f f i c u l t since they a l l have s l i g h t l y 
d i f f e r e n t s p e c i f i c a t i o n s s u i t e d t o t h e i r requirements. 
A major disadvantage o f t h i s approach has i n v o l v e d 
the r e v i s i o n o f the data s t o r e s . Since the p r o d u c t i o n 
and maintenance o f each s k e l e t o n map w i t h i t s accompanying 
o v e r l a y s i s f a r from cheap, the o p e r a t i o n a l l i f e s p a n f o r 
each graphic has tended t o be lon g e r than i s d e s i r a b l e . 
E s s e n t i a l l y , the r e v i s i o n of such i n f o r m a t i o n would have 
been necessary when there was e i t h e r a s i g n i f i c a n t change 
i n the A u t h o r i t y ' s network or when OS themselves p u b l i s h e d 
a new e d i t i o n base map. This has not been the case i n 
p r a c t i c e . On average, the GPO produce new e d i t i o n s k e l e t o n 
maps every ten years. 
This u n d e s i r a b l e s i t u a t i o n stems l a r g e l y from the 
inadequate format o f the t o p o g r a p h i c a l i n f o r m a t i o n s u p p l i e d 
by OS t o these users w i t h s p e c i f i c requirements. I t has 
become abundantly c l e a r t h a t the C e n t r a l Mapping Agency 
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must p r o v i d e the data i n a form t h a t t h e i r customers 
r e q u i r e them and perhaps the t r a d i t i o n a l l i t h o - p r i n t e d 
hard copies on paper do not completely s u i t the needs 
of a l l users. 
The s t a r t of the change i n p o l i c y by OS can be 
r e f l e c t e d by the more recen t i n c r e a s e i n the demand f o r 
maps s u p p l i e d as t r a n s p a r e n c i e s or i n m i c r o f i l m form. 
To quote the Secretary o f State f o r the Environment i n 
February 1973: 
"The Ordnance Survey no l o n g e r has any general 
o b l i g a t i o n t o supply maps a t 1:1250 and 1:2500 
o A n l AO v\-w i w -f n ^ i-\v* nor>/Mi TVM? + A H ^ -J +- V> n r< -P n T 1 
U ^ / M X V/ k> t/V^VU. \J AA. A. * ^ I X t^J V ^ U U J L U i l KAr k-> -L \A. _ i _ 
d i s c r e t i o n as t o the form i n which the survey 
a t these scales w i l l be made a v a i l a b l e . Large 
scale survey i n f o r m a t i o n w i l l continue to be 
su p p l i e d but -the Department w i l l take account of 
the v a r i e t y of p o s s i b l e techniques of p u b l i c a t i o n 
and w i l l be f r e e to decide how best t o produce 
and market i t having regard t o the needs o f 
users, income and proper economy". 
(Ha r l e y 1975) 
The I n t r o d u c t i o n Of D i g i t a l Techniques 
T r a d i t i o n a l l y t o p o g r a p h i c a l i n f o r m a t i o n has been 
thought o f i n i t s c a r t o g r a p h i c form. E s s e n t i a l l y any map 
sheet can be looked upon as a s e r i e s of p o i n t s - some 
remaining independent and o t h e r s being l i n k e d t o g e t h e r 
to form l i n e a r or a r e a l f e a t u r e s . Each p o i n t , t h e r e f o r e , 
can be represented i n a c a r t e s i a n c o o r d i n a t e system 
having f o u r a t t r i b u t e s - x, y, z and w. The x, y and z 
coor d i n a t e s f i x the p o s i t i o n o f the p o i n t i n thr e e 
dimensional geographical space w h i l s t the f o u r t h , w, 
enables an i n t e r p r e t a t i o n through some e x p l i c i t convention 
of what the p o i n t r e p r e s e n t s . This w co o r d i n a t e could 
r e p r e s e n t a bench mark or the corner o f a b u i l d i n g f o r 
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example. I n t a k i n g such an atomic view i t i s p o s s i b l e 
to convert a map sheet from i t s graphic form i n t o a 
d i g i t a l e q u i v a l e n t whereby i t can be s t o r e d and 
processed by a d i g i t a l computer. 
The supply o f t o p o g r a p h i c a l i n f o r m a t i o n i n 
computer compatible form t o users who have access t o 
the a p p r o p r i a t e computing f a c i l i t i e s has g r e a t p o t e n t i a l . 
With the s u i t a b l e generated software the b e n e f i t s o f a 
d i g i t a l format f a r out weigh the t r a d i t i o n a l approach: 
- s e l e c t e d f e a t u r e types can be r e t r i e v e d and 
p l o t t e d thereby e l i m i n a t i n g the need t o 
produce l a b o j r r i o u s s k e l e t o n maps. 
- s p e c i f i c map areas s u i t e d to the requirements 
f o r each user can be r e t r i e v e d and p l o t t e d 
thereby eLJriminating the need t o use l a r g e plans 
f o r a very small area under i n v e s t i g a t i o n . 
- extending the previous ideas f u r l her, adjacent 
sheets or parts t h e r e o f can be concatenated 
t o g e t h e r thereby p r o v i d i n g a s o l u t i o n to the 
t r a d i t i o n a l problem o f areas l y i n g a t the edges 
of two or more map sheets. 
- w i t h i n reasons, the i n f o r m a t i o n can be drawn a t 
any s c a l e . This f a c i l i t y may be advantageous 
f o r c e r t a i n purposes al t h o u g h the cartography 
may not be too el e g a n t . This could be improved 
i f a scale dependent f e a t u r e s e l e c t i o n r o u t i n e 
i s i n c l u d e d i n the s o f t w a r e . 
From a users p o i n t o f view, the advantages o f map 
data i n t h e i r d i g i t a l form f a r out weigh those of the 
con v e n t i o n a l hard copy c o u n t e r p a r t s . He has the means 
of drawing the map s u i t a b l e to the requirements f o r 
some p a r t i c u l a r purpose and i s not r e s t r i c t e d to the 
acceptance of what the draughtsman has designed as a 
compromise between the many c o n f l i c t i n g requirements. 
The ease o f data r e v i s i o n w i t h i n a d i g i t a l format 
i s perhaps one o f the system's most fundamental assets, 
not only from the Mapping Agency's p o i n t o f view but a l s o 
the customers'. Features can be added, d e l e t e d or amended 
very e a s i l y w i t h o u t the need to cr e a t e the e n t i r e sheet 
again. Since the user's data ( f o r example the E l e c t r i c i t y 
Board) are kept independent o f t h e base map data and are 
overlayed when r e q u i r e d , t h e r e i s l i t t l e need f o r major 
s t r u c t u r a l changes w i t h i n the base data a t each r e v i s i o n 
stage. 
T h e - F e a s i b i l i t y Of A D i g i t a l Mapping Programme 
The Ordnance Survey p r o f e s s i o n a l paper number 23 by 
Col R. C. G a r d i n e r - H i l l (1972) p r o v i d e s a good o u t l i n e o f 
the i n i t i a l s t u d i e s which OS attempted i n the e a r l y 
s eventies t o discover the f e a s i b i l i t y of des i g n i n g and 
m a i n t a i n i n g a d i g i t a l topographic database. They were 
able t o show w i t h t h e i r f a i r l y low order g r a p h i c s 
p e r i p h e r a l s the p r a c t i c a b i l i t y of h a n d l i n g the basic 
scales data i n a d i g i t a l format and subsequent r e g e n e r a t i o n 
o f hardcopy maps t o the co n v e n t i o n a l standards o f accuracy. 
I n 1973 a P e r r a n t i Master p l o t t e r , w i t h i t s l i g h t 
spot p r o j e c t o r drawing head, was obtained p r o v i d i n g the 
p r e c i s i o n hardware r e q u i r e d t o produce the f i n a l drawings 
f o r the p r o d u c t i o n environment. Harley (1975) s t a t e s t h a t 
a f t e r j u s t a few months, by the end o f 1973, a t o t a l o f 
seventy nine sheets were a v a i l a b l e on magnetic t a p e ^ 
(46 a t 1:1250, 33 a t 1:2500). 
According to present f i g u r e s (Thompson 1978), t h e r e 
are a t o t a l o f 217,777 maps i n the basic scales s e r i e s , 
of which 38,099 (some 17.5 per cent o f the t o t a l ) f a l l 
i n the d i g i t a l areas. These areas have been s e l e c t e d 
l a r g e l y due t o the i n t e r e s t expressed by p o t e n t i a l users. 
At the time of Col Thompson's paper i n l a t e 1978, some 
6,643 o f these sheets had been d i g i t i s e d which amounted 
to 17.5 per cent of the t o t a l i n the d i g i t a l areas or 
3 per cent of the t o t a l number.in the s e r i e s . Thompson 
estimates t h a t , w i t h present workrates, i t w i l l take 
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c i r c a twenty years t o complete the 1:1250 scales and a 
f u r t h e r t h i r t y years t o accomplish complete d i g i t a l 
coverage w i t h i n the 1:2500 s e r i e s . 
The Costs Of D i g i t a l Map Production 
Wan^ i n house s t u d i e s have been undertaken a t OS 
to determine the nat u r e o f the costs i n c u r r e d i n a 
d i g i t a l map p r o d u c t i o n f l o w l i n e . Col'Thompson, i n h i s 
1978 paper, g i v e s much a t t e n t i o n t o these cost s t u d i e s . 
At the present time, the adoption o f a d i g i t a l 
environment i s f a r from cheap. As Thompson (1978) p o i n t s 
out, f o r 1:1250 map p r o d u c t i o n , costs are 1.6 times 
g r e a t e r than those of the c o n v e n t i o n a l f l o w l i n e . I n 
a d d i t i o n , the resources r e q u i r e d i n terms o f time and 
manpower are als o g r e a t e r . A s i m i l a r s i t u a t i o n e x i s t s 
f o r the 1:2500 d i g i t a l map p r o d u c t i o n f l o w l i n e . 
The reasons f o r these increases i n resources l i e i n 
a number o f f a c t o r s : 
although a d i g i t a l approach attempts t o automate 
the system, a t present t h e r e s t i l l remains a 
l a r g e number o f manual processes and human 
i n t e r v e n t i o n requirements; 
the c u r r e n t system i n v o l v e s a l a r g e number o f 
processes i n v o l v i n g many Pro d u c t i o n D i v i s i o n s 
w i t h i n OS and delays are o f t e n i n c u r r e d due to 
poor communications w i t h i n these D i v i s i o n s ; 
any d i g i t a l mapping scheme r e q u i r e s a d d i t i o n a l 
Checking to those i n i t s c o n v e n t i o n a l c o u n t e r p a r t . 
The corr e c t n e s s o f data content and accuracy i s 
o f paramount importance and the l a c k of i n t e r a c t i v e 
f a c i l i t i e s w i t h i n the present system suggests a 
slower e d i t stage than i s d e s i r a b l e . 
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Although the d i g i t a l s e r v i c e c u r r e n t l y o f f e r e d by 
OS i s s t i l l a t a r e l a t i v e l y e a r l y stage i n terms o f 
coverage a v a i l a b i l i t y . I t should be p o s s i b l e t o begin t o 
generate a t l e a s t some ca u t i o u s estimates on the 
c h a r a c t e r i s t i c s and s i z e o f the databank on i t s completion. 
I t i s the aim of t h i s t h e s i s t o attempt t h i s . 
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Chapter Two 
The Conversion Of Graphic Data To A D i g i t a l Format 
There are many techniques c u r r e n t l y a v a i l a b l e t o 
convert a g r a p h i c image i n t o i t s d i g i t a l e q u i v a l e n t to 
enable computer storage and m a n i p u l a t i o n . The most 
simple and s t r a i g h t forward approach could i n v o l v e the 
measurement and coding o f N a t i o n a l G r i d c o o r d i n a t e s f o r 
subsequent keypunching on t o cards. For a more advanced 
approach t h e r e are s p e c i f i c hardware devices to achieve 
these ends v i r t u a l l y a u t o m a t i c a l l y . T y p i c a l examples 
i n c l u d e the r a s t e r type o f d i g i t i s e r such as those 
manufactured by S c i t e x Corp. L t d . which scans the image 
i n a s e r i e s o f swathes. This approach has drawbacks i n 
t h a t i t r e q u i r e s a g r e a t deal o f post processing t o 
r e c o n s t i t u t e the p o i n t s and l i n e s from the ' s p a g h e t t i ' 
which the d i g i t i s i n g hardware produces. 
An a l t e r n a t i v e design f o r the ' i n t e l l i g e n t ' 
d i g i t i s e r s are the automatic l i n e f o l l o w e r s of which 
the Laserscan L a b o r a t o r i e s Fastrak i s an example. This 
device has the a b i l i t y t o l o c k on t o a l i n e s p e c i f i e d 
by the operator and then stream encode co o r d i n a t e s 
a u t o m a t i c a l l y u n t i l i t meets some o b s t r u c t i o n - p o s s i b l y 
a break or j u n c t i o n i n the l i n e . The system can then 
pause and await f o r operator i n t e r v e n t i o n . 
I t f o l l o w s t h a t the more advanced approaches may 
w e l l be p o o r l y s u i t e d to l a r g e scale data but could have 
g r e a t p o t e n t i a l and p r o v i d e a much improved throughput 
w i t h contour type data. At the conference on "Databanks 
and D i g i t a l Mapping"•held by the RICS i n November 1978, 
Mr C. Howmans o f the-Mapping and C h a r t i n g Establishment 
(MCE) a t Feltham expressed h i s o p i n i o n s on the advantages 
of the system a t MCE which i n c o r p o r a t e s a Fastrak. The 
hardware r e q u i r e s only one s k i l l e d o p e r a t o r ( t h u s saving 
on e i g h t o t h e r s ) and the throughput i s much improved 
over c o n v e n t i o n a l techniques. A t e n to f i f t e e n times 
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i n c r ease i n contour work and f o u r t o f i v e times increase 
i n l a n d use work i s not a t y p i c a l . 
Thompson (1978) p o i n t s out t h a t these s o p h i s t i c a t e d 
d i g i t i s i n g techniques have been undergoing e v a l u a t i o n a t 
OS a l t h o u g h so f a r , since i t s i n c e p t i o n i n 1973, the 
d i g i t a l programme has i n v o l v e d the use o f the more 
co n v e n t i o n a l manual d i g i t i s i n g t a b l e s . These are c h a r a c t -
- e r i s e d by an o p e r a t o r moving a cursor, a t t a c h e d to the 
t a b l e by cable, along the l i n e s t o be recorded. The 
Department has twenty f o u r o f the Preescan t a b l e s 
manufactured by P e r r a n t i . P o i n t f e a t u r e s are d i g i t i s e d 
by f i r s t p l a c i n g the. cursor i n the a p p r o p r i a t e menu 
square and then on the a c t u a l f e a t u r e l o c a t i o n . Line 
f e a t u r e s can be d i g i t i s e d i n a s i m i l a r manner although 
the draughtsmen must use t h e i r judgement to decide how 
many p o i n t s are r e q u i r e d to f i x each p a r t i c u l a r segment.-
Lines which are s t r a i g h t ) as i n much of the urban data, 
present few problems although curves r e q u i r e more a t t e n t i o n . 
I n such s i t u a t i o n s , ah o f f l i n e computer can generate 
a d d i t i o n a l p o i n t s should the o p e r a t o r have underestimated 
the number r e q u i r e d t o a c c u r a t e l y f i x some complex 
topography. 
Figure 2.1 below shows the basic system • design 
operated c u r r e n t l y a t OS. 
Having a c q u i r e d the necessary set o f c o o r d i n a t e s 
" r e q u i r e d t o r e p r e s e n t a map sheet, then these "data must 
then pass through another processing stage t o arrange 
them i n t o a s u i t a b l e order by the a d d i t i o n o f s p e c i a l 
sequence codes. These codes are necessary to enable the 
p l o t t i n g program t o i n t e r p r e t each f i l e s e q u e n t i a l l y and 
act a c c o r d i n g l y . I t i s a l s o - a t t h i s stage when the t e x t u a l 
i n f o r m a t i o n f o r each sheet i s appended t o each data f i l e . 
The d i g i t i s i n g procedures adopted attempt t o reduce t o a 
minimum the requirement of the draughtsman to keypunch 
i n f o r m a t i o n . This should be the r e s p o n s i b i l i t y o f the 
normal data p r e p a r a t i o n s t a f f who are much l e s s prone 
to making mistakes. By designing the workflow i n such a 
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F i g u r e 2.1 - The DMB System To Convert A Gr a p h i c Image 
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way, i t i s p o s s i b l e to reduce the amount of time t h a t 
each sheet a c t u a l l y r e q u i r e s on the d i g i t i s i n g t a b l e . 
The Format Of The D i g i t a l Data 
Most l i t e r a t u r e concerning automated i n f o r m a t i o n 
systems and d i g i t a l mapping seems r e l u c t a n t to 
d i f f e r e n t i a t e between the terms "databank" and "database". 
.However, the author p r e f e r s to adopt a s u b t l e d i s t i n c t i o n 
between the two e x p r e s s i o n s . E s s e n t i a l l y the term 
"databank" i s taken to r e f e r to a s t o r e of completely 
u n r e l a t e d data r e q u i r i n g a s e q u e n t i a l s e a r c h to d i s c o v e r 
any i n t e r r e l a t i o n s h i p s whereas a "database" c o n t a i n s 
i n t e r r e l a t e d i n f o r m a t i o n which i s c r o s s r e f e r e n c e d by some 
master index and a s e r i e s of s u b - f i l e s . 
The c u r r e n t d i g i t a l mapping programme operated by 
OS must be c o n s i d e r e d to be a Land I n f o r m a t i o n Databank 
" "because of i t s unr"erated "data c h a r a c t e r i s t i c s - . These d a t a 
a r e s u p p l i e d to the customers i n a format s u i t a b l e f o r 
the c u r r e n t OS software to i n t e r p r e t . 
T h i s customer format, adopted f o r d a t a i n t e r c h a n g e 
on a l l magnetic tapes, i s known w i t h i n OS as DMG format. 
Every c l i e n t p u r c h a s i n g d i g i t a l data i s i s s u e d w i t h the 
OS documentation "Ordnance Survey D i g i t a l Data On Magnetic 
Tape" to e x p l a i n the c h a r a c t e r i s t i c s of t h i s format. 
A FORTRAN r e a d a b l e c h a r a c t e r format has been adopted 
to ease the problems of data i n t e r c h a n g e between computer 
i n s t a l l a t i o n s . The computer compatible tapes can be 
s u p p l i e d i n a wide v a r i e t y of o p t i o n s to s u i t the needs 
of a l l customers. Both seven and n i n e t r a c k tapes are 
a v a i l a b l e with o p t i o n a l packing d e n s i t i e s and c h a r a c t e r 
codes. These o p t i o n s a r e a l l o u t l i n e d i n the OS 
documentation. 
Two t y p e s of code are i n v o l v e d i n the make-up of 
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DMC format. P r i m a r i l y t h e r e a r e a s p e c i a l s e r i e s of 
sequence codes . i d e n t i f i a b l e as n e g a t i v e i n t e g e r s which 
enable the u s e r s to i n t e r p r e t any subsequent i n f o r m a t i o n 
more e a s i l y . Secondly t h e r e a r e the c o n v e n t i o n a l f e a t u r e 
codes - the w c o n s t i t u e n t of the f e a t u r e s as d e s c r i b e d 
i n Chapter One. Appendices A and B show the breakdown of 
these.two types of code and how they can be u s e d ' i n 
c o n j u n c t i o n to form a c a r t o g r a p h i c databank. Appendix C 
shows a sample of DMG format f o r a h y p o t h e t i c a l example 
c o n t a i n i n g one 1:1250 map of f o u r f e a t u r e s ; t h e s e were 
- e x t r a c t e d from "Ordnance Survey D i g i t a l Data On Magnetic 
Tape" s u p p l i e d by OS. 
The Regeneration Of G r a p h i c s From The D i g i t a l I n f o r m a t i o n 
The Systems Branch of the Department has developed 
a number of software packages to i n t e r p r e t the data i n 
t h e i r DMC format. As f a r as the customer i s concerned a t 
the p r e s e n t - t i m e , the >plot-ting prog-ram D09 i s perhaps the 
most important. 
The software has been w r i t t e n i n s t a n d a r d NCC 
FORTRAN and i s t h e r e f o r e v i r t u a l l y machine independent. 
I t s use and options a r e o u t l i n e d i n the "D09 Program 
D e s c r i p t i o n " s u p p l i e d by Ordnance Survey. I n order to 
operate i n the manner i n which i t was o r i g i n a l l y designed, 
i t r e q u i r e s f o u r p e r i p h e r a l c h a n n e l s : 
Channel 1 - I n p u t P l o t t i n g Parameters 
Channel 2 - Input D i g i t a l Data i n DMC format 
Channel 3 . - Output to l i n e p r i n t e r of the 
f e a t u r e l i s t i n g ( o p t i o n a l ) 
Channel d - Output of bina r y i n s t r u c t i o n s 
to d r i v e the p l o t t i n g hardware. 
(The channel number i s i n s t a l l a t i o n 
i dependent). 
The p l o t t i n g parameters a t t a c h e d to channel 1 a r e an 
a d d i t i o n a l s e r i e s of codes t h a t are kept completely 
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s e p a r a t e from the t o p o g r a p h i c a l i n f o r m a t i o n . Appendix D 
t a b u l a t e s these parameters as o u t l i n e d i n the D09 program 
d e s c r i p t i o n s u p p l i e d by OS. 
I t i s these codes which a l l o w the u s e r to r e q u e s t 
s p e c i f i c options l e a d i n g to the type of p l o t t h a t he r e q u i r e s . 
These parameters can be read from card or paper tape 
medium or, as implemented a t Durham, from a d i s k d a t a f i l e . 
The c a r e f u l s e l e c t i o n of the a p p r o p r i a t e parameters 
enables the types of manipul a t i o n which the N a t i o n a l Mapping 
Agency i n i t i a l l y intended f o r t h e i r d i g i t a l d a ta. A t y p i c a l 
requirement could be the p l o t t i n g of s p e c i f i c a r e a s of a 
map sheet , the whole sheet or indeed the c o n c a t e n a t i o n 
of two or more s h e e t s . t o g e t h e r . I t i s codes 01 and 02 
which s p e c i f i e s the d e t a i l s of such a requirement to the 
p l o t t i n g s o f tware. Code 04 a l l o w s the u s e r to a s s i g n a 
s p e c i f i c p l o t t i n g s c a l e . Thus although a d i g i t a l s heet 
i t s e l f may quote the d e f a u l t p l o t t i n g s c a l e intended f o r 
t h a t sheet, the u s e r can o v e r r i d e t h i s and p r o v i d e h i s 
own requirements. 
A d d i t i o n a l l y , i t i s the s e parameters which allow 
the type of f e a t u r e s which are to be i n c l u d e d or r e j e c t e d 
w i t h i n the plot, thereby e n a b l i n g the development of the 
s k e l e t o n type b a s i c s c a l e map r e q u i r e d by so many u s e r s . 
The r e j e c t i o n of s p e c i f i c f e a t u r e s w i t h i n the p l o t s 
i s p o s s i b l e with any of the f o l l o w i n g approaches: 
( a ) By F e a t u r e Code 
t h i s a l l o w s the s u p p r e s s i o n of a l l of a c e r t a i n 
type of f e a t u r e - f o r example, a l l t e x t u a l 
i n f o r m a t i o n which has OS f e a t u r e code no. 28 
(b) By Name Category 
t h i s a l l o w s the s u p p r e s s i o n of t e x t s p e c i f i c 
to some p a r t i c u l a r c l a s s i f i c a t i o n - f o r example, 
a l l t e x t which i s c l a s s i f i e d as a sheet name or 
perhaps a l l a r c h a e o l o g i c a l names. 
( c ) By S e r i a l Number 
a l l f e a t u r e s i n a map sheet a r e s e r i a l i s e d by a 
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s p e c i f i c number of ascending o r d e r from s t a r t 
to f i n i s h . Provided the u s e r i s aware of t h e s e , 
then f e a t u r e s can be suppressed from a p l o t by 
t h e i r unique keys. C o n t r o l parameter 17 a l l o w s 
these s e r i a l numbers to be i n c l u d e d on a p l o t 
i f d e s i r e d . 
(d) S e l e c t i o n By S e r i a l Number 
t h i s i s the a l t e r n a t i v e to s u p p r e s s i o n by s p e c i f i c 
s e r i a l number. I t a l l o w s the s p e c i f i c s e l e c t i o n 
of f e a t u r e s to be i n c l u d e d w i t h i n a p l o t by t h e i r 
unique k e y s . 
Other c o n t r o l parameters as o u t l i n e d i n Appendix D 
a l l o w the r o t a t i o n of p l o t s , i n c l u s i o n / s u p p r e s s i o n of 
any marginal data, t i t l e s , e t c . S i n c e the t o p o g r a p h i c a l 
data are s e p a r a t e from the c o n t r o l parameters, they can 
remain unchanged. I t i s the job of the m a n i p u l a t i n g 
software to e x t r a c t the type of i n f o r m a t i o n which the 
u s e r r e q u i r e s from the databank which i s u n a l t e r e d . These 
i d e a s can be c a r r i e d f u r t h e r when a u s e r w i s h e s to o v e r l a y 
h i s own i n f o r m a t i o n . S i n c e t h e s e data can be .stored i n a 
s e p a r a t e f i l e , then these too can remain u n a l t e r e d . 
The emphasis thus, f a r has been on the manipulation 
of the r e s u l t i n g g r a p h i c . The c u r r e n t OS production f l o w l i n e 
should be looked upon as merely a N a t i o n a l C a r t o g r a p h i c 
Databank. T h i s i s a s p l e n d i d achievement on the p a r t of 
the N a t i o n a l Mapping Agency and has made p o s s i b l e a g r e a t 
many more a p p l i c a t i o n s f o r the l a n d i n f o r m a t i o n which 
would not have been p o s s i b l e i n i t s g r a p h i c format. However, 
such a system has much more p o t e n t i a l than merely the 
supply of c a r t o g r a p h i c i n f o r m a t i o n . S i n c e the magnetic 
tapes s u p p l i e d by Ordnance Survey c o n t a i n environmental 
i n f o r m a t i o n then why should t h e s e not be the r e s o u r c e s 
f o r many other a p p l i c a t i o n s ? Already c a d a s t r a l i n f o r m a t i o n 
i s h e l d by K. M. Land R e g i s t r y on the b a s i s of l a r g e s c a l e 
p l a n s and a d i g i t a l environment a t the Land R e g i s t r y could 
improve e f f i c i e n c y immensely. 
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The P r e s e n t L i m i t a t i o n s Of The Production Tapes 
The c u r r e n t production environment a t Ordnance 
Survey s u p p l i e s data f o r t o p o g r a p h i c a l i n f o r m a t i o n 
although i t i s u n s t r u c t u r e d f o r the many a p p l i c a t i o n s for 
which i t could be u t i l i s e d . Why the wrong format ? 
The production d i g i t i s i n g procedures made good sense f o r 
the p r e l i m i n a r y o b j e c t i v e s f o r the d i g i t a l mapping 
programme a t the time of the Gardin£er-Hill paper ( 1 9 7 2 ) . 
S i n c e remapping from t h i s new d a t a source was the only 
o b j e c t i v e , then a number of p o i n t s can be made r e g a r d i n g 
the b a s i c c h a r a c t e r i s t i c s of the d i g i t a l d a ta. 
S i n c e the stor a g e media adopted f o r t h i s i n f o r m a t i o n 
are magnetic tap e s , which a r e a form of s e q u e n t i a l a c c e s s 
memory, each map sheet can be looked upon as a s e q u e n t i a l 
a c c e s s f i l e i n data p r o c e s s i n g terms. As explained e a r l i e r , 
t h e s e maps or data f i l e s comprise • a s e r i e s of p o i n t s 
which can be p l o t t e d i n any order. Of course those p o i n t s 
s u i t a b l y l i n k e d to produce l i n e or a r e a l r e p r e s e n t a t i o n s 
do r e q u i r e a fundamental c o n t i n u i t y w i t h i n each f e a t u r e , 
but the order i n which each f e a t u r e i s p l o t t e d w i l l be 
i r r e l e v a n t . Provided the f i l e i s e n t i r e l y p r o c e s s e d , the 
r e s u l t i n g g r a p h i c w i l l appear e x a c t l y the same f o r any 
sequence which the f e a t u r e s may take w i t h i n the f i l e . I n 
a d d i t i o n , w i t h i n the terms of r e f e r e n c e s e t out by 
G a r d i n i r e r - H i l l , t h e r e i s no requirement f o r l i n e s w i t h i n 
the data s t r u c t u r e ~ t b be cross-referencecLT^Two l i n e s which 
c o n s t i t u t e the opposite s i d e s of a road's c a s i n g , f o r example, 
could be drawn a t very d i f f e r e n t times but t h i s i s 
i r r e l e v a n t f o r p l o t r e p r o d u c t i o n . 
The format of the pro d u c t i o n d i g i t a l s h e e t s t h e r e f o r e 
i s inadequate f o r the databank to be co n s i d e r e d as a source 
of l a n d i n f o r m a t i o n from a c a d a s t r a l p o i n t of view. Mention 
should, however, be made of a number of advantages which 
t h i s d i g i t i s i n g procedure c r e a t e s . The b e n e f i t s of such a 
format can be c i t e d with an example such as a block of 
t e r r a c e d houses - a common occurence on the 1:1250 p l a n s . 
ft 
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Although a C a d a s t r a l I n f o r m a t i o n System would look upon 
thes e as a s e r i e s of i n d i v i d u a l l a n d p a r c e l s , to the 
computer p l o t t e r s , as a d i r e c t r e s u l t of the d i g i t i s i n g 
s t r a t e g y adopted a t Southampton, they appear as perhaps 
f i v e p o i n t s which when j o i n e d t o g e t h e r a t some stage 
w i t h i n the f i l e produce the o u t s i d e w a l l s of the block. 
I t c ould w e l l be t h a t i t i s a t the other end of the f i l e 
when a s e r i e s of p a i r e d p o i n t s generate the boundaries 
between each d w e l l i n g . F i g u r e 2.2 shows t h i s example 
g r a p h i c a l l y . 
\0 
F i g u r e 2.2 
The advantages of t h i s approach are two T o l d : i t 
f o l l o w s t h a t no l i n e needs to be s t o r e d , and hence p l o t t e d , 
more than once as would be the case should each i n d i v i d u a l 
p a r c e l be d i g i t i s e d and s e r i a l i s e d independantly. Should 
t h i s be the case, i n t h i s example each p a r c e l would r e q u i r e 
f i v e x and y c a r t e s i a n c o o r d i n a t e s i n a d d i t i o n to the t h r e e 
times i n c r e a s e i n the n e c e s s a r y sequence codes which DMC 
r e q u i r e s . Secondly, t h e r e i s no problem i n e n s u r i n g t h a t 
the house f r o n t a g e s are s t r a i g h t s i n c e i t must o b v i o u s l y 
f o l l o w t h a t only two d i g i t i s e d p o i n t s ( 1 , 2 i n the above 
example) can only generate a s t r a i g h t l i n e . 
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The p a i r e d p o i n t s r e p r e s e n t i n g the boundaries could 
w e l l p r e s e n t other problems. These p o i n t s need not 
n e c e s s a r i l y l i e e x a c t l y on the frontage, t h i s w i l l depend 
on both the r e s o l u t i o n of the F r e e s c a n d i g i t i s e r s , the 
c o n s c i e n t i o u s n e s s of the o p e r a t o r s and the a c c u r a c y of 
the p l o t t e r s . Needless to say t h i s p o s s i b i l i t y i s never 
e v i d e n t on p l o t s a t the designed p l o t t i n g s c a l e but could 
appear on g r a p h i c s a t v e r y much enlarged s c a l e s . Annex 8 
g i v e s such an example. A f i f t y metre square has been 
en l a r g e d from d i g i t a l sheet TQ 6794NE ( s q u a r e 3,6) and 
has been p l o t t e d a t a s c a l e of 1:75. I t can be seen i n 
t h i s example where t h e r e a r e many occurrences of l i n e s 
which are not c o l l i n e a r when they should be. Of course, i t 
should be r e c a l l e d t h a t t h i s a r e a has been enlarged over 
s i x t e e n times which i s u n d e s i r a b l e when the data a r e 
designed to be a c c u r a t e only to 1:1250 s t a n d a r d s . 
Annex 9 shows a much more d e s i r a b l e property of the 
DW1C production format. S h e e t s NZ 2551SE, NZ 2551NE, NZ 2551SW 
and NZ 2551NW have been concatenated kogothcnr and p l o t t e d 
a t a reduced s c a l e of 1:2500. 
Within the given terms of r e f e r e n c e o u t l i n e d so f a r , 
the c u r r e n t production f l o w l i n e o perates w a l l . Should more 
complex manipulation of the i n f o r m a t i o n be r e q u i r e d , f o r 
more a n a l y t i c a l t a s k s , then the p r e s e n t format of the 
magnetic tapes provide s e v e r e l i m i t a t i o n s . The c a d a s t r a l 
problem a l r e a d y c i t e d i s the c l a s s i c example of the 
inadequacy of the data i n t h e i r u n s t r u c t u r e d form. T h i s 
o c c u r s d i r e c t l y as a r e s u l t of the independence of each 
of the l i n e segments w i t h i n the f i l e . 
The Need For A N a t i o n a l Topgraphic D i g i t a l Database 
The p o t e n t i a l t h a t a topographic, as opposed to 
c a r t o g r a p h i c , d i g i t a l database could o f f e r i s widespread. 
The r o l e i t could play i n automating K.M. Land R e g i s t r y 
i s perhaps the major advantage t h a t a Land I n f o r m a t i o n 
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System could provide. 
On the whole, any a r e a s of study which r e q u i r e 
an i n t e r f a c e w i t h the i n f o r m a t i o n on l a r g e s c a l e p l a n s 
could have scope f o r becoming p a r t i a l l y automated or a t 
l e a s t more e f f i c i e n t w ith d i g i t a l p r o c e s s i n g t e c h n i q u e s . 
L o c a l A u t h o r i t y property r e c o r d s could be e f f i c i e n t l y 
handled on l i n e . Land I n f o r m a t i o n i s a major r e s o u r c e of 
any L. A. and i s r e q u i r e d by a l l l e v e l s of o f f i c e r i n 
order to c a r r y out t h e i r day to day o p e r a t i o n a l f u n c t i o n s . 
T h i s concept has been kept i n mind by the development 
team of the LAMIS system a t Leeds ( H a r r i s o n 1978). Should 
the r e g e n e r a t i o n of i n d i v i d u a l l a n d p a r c e l s be p o s s i b l e 
from the OS data, then the UPRN (Unique Property Reference 
Number) concept of the L o c a l A u t h o r i t y Management I n f o r m a t i o n 
System could be much more f l e x i b l e . 
As an a l t e r n a t i v e example, the CLUMIS system developed 
by F e r r a n t i - C e t e c G r a p h i c s L t d . , i n Edinburgh can be used 
i n c o l l a b o r a t i o n with the OS data f o r : 
( a ) d e r i v e d mapping a t s m a l l e r s c a l e s ( a f t e r 
g e n e r a l i s a t i o n ) 
(b) g e n e r a l i s e d o u t l i n e s of t o p o g r a p h i c a l 
f e a t u r e s i f s e l e c t e d OS data a r e used and 
the CLUMIS i n t e r a c t i v e f a c i l i t i e s envoked. 
On the whole, much b e n e f i t w i l l be gained by a l l 
t h e s e systems i f the t o p o g r a p h i c a l i n f o r m a t i o n i s coded 
i n c a d a s t r a l or s p a t i a l u n i t s r a t h e r than i n topographic 
terms. 
A Land I n f o r m a t i o n System operated by Ordnance Survey 
need not n e c e s s a r i l y be r e s t r i c t e d to c a d a s t r a l u s e s . There 
i s no reason why the t o p o g r a p h i c a l database should not be 
co o r d i n a t e d w i t h : Land Use s t u d i e s , P o l l u t i o n Monitoring, 
T r a n s p o r t S t u d i e s , T e r r e s t r i a l Ecology as w e l l as those 
d a t a provided by the O f f i c e of Po p u l a t i o n Censuses and 
Su r v e y s . 
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The Need For Environmental I n f o r m a t l o n Management 
"Who should provide the management f o r a Land 
I n f o r m a t i o n System ?". T h i s q u e s t i o n has generated much 
co n t r o v e r s y i n r e c e n t y e a r s . Rhind and Trewman (1975) 
suggest t h a t r e a s o n s f o r these arguments could p o s s i b l y 
stem from the l a c k of d e f i n i t i o n over the r o l e which a 
c a r t o g r a p h e r should p l a y i n the mapping i n d u s t r y . I t may 
be argued t h a t a c a r t o g r a p h e r ' s job i s to produce maps, 
he should not i n v o l v e h i m s e l f with the contents and 
c h a r a c t e r i s t i c s of a t o p o g r a p h i c a l databank. However, the 
authors pose the q u e s t i o n "has i t not long been the r o l e 
of the c a r t o g r a p h e r to i n v o l v e h i m s e l f w i t h c e r t a i n 
a s p e c t s of data a c q u i s i t i o n and o r g a n i s a t i o n ?". The 
answer to t h i s q u e s t i o n could c e r t a i n l y produce o b j e c t i o n s 
from those people who hold the p r e v i o u s narrow view of 
the c a r t o g r a p h e r ' s r o l e . 
Perhaps a more u s e f u l i m p l i c a t i o n i s suggested by 
Dale ( 1 9 7 7 ) who l o o k s upon the e x p e r t i s e of a l a n d s u r v e y o r 
as best f u l f i l l i n g the q u a l i f i c a t i o n s n e c e s s a r y f o r a l a n d 
i n f o r m a t i o n manager. Dr Dale p o i n t s out t h a t along with 
measurement, mapping i s a p r i n c i p a l component of l a n d 
survey. Consequently a l a n d s u r v e y o r should be h e l d 
r e s p o n s i b l e f o r the t o t a l p r o c e s s of a c q u i r i n g , p r o c e s s i n g 
and p r e s e n t i n g t o p o g r a p h i c a l i n f o r m a t i o n . 
A s o l u t i o n to t h i s apparent c o n t r o v e r s y could be 
d e r i v e d i f the two a r e a s of l a n d s u r v e y i n g and cartography 
were c o n s i d e r e d as becoming one m u l t i - c o n c e p t d i s c i p l i n e . 
The i m p l i c a t i o n s of automation i n terms of data a c q u i s i t i o n , 
m anipulation and p r e s e n t a t i o n could g r e a t l y b e n e f i t from 
the e x p e r t i s e and experience of geographers, s u r v e y o r s 
and c a r t o g r a p h e r s a l i k e . I t i s of paramount importance 
t h a t the management f o r an environmental i n f o r m a t i o n 
system should be drawn from a l l t h r e e types and of course 
the r e s u l t i n g team must then make i t t h e i r duty to become 
f a m i l i a r w i t h computer systems and a p p l i c a t i o n s . 
As such, t h e r e f o r e , the Ordnance Survey i s w e l l 
s u i t e d to operate the database. The department has served 
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as the N a t i o n a l Mapping Agency f o r two hundred y e a r s . Over 
t h i s time i t has o b v i o u s l y a c q u i r e d g r e a t s k i l l s and 
e x p e r t i s e i n the h a n d l i n g of t o p o g r a p h i c a l i n f o r m a t i o n . 
The change from a g r a p h i c to d i g i t a l format a l t e r s t h e i r 
r o l e only i n the n e c e s s i t y of understanding completely 
the v a s t p o t e n t i a l t h a t t h i s change o f f e r s . I t remains 
the r e s p o n s i b i l i t y of the u s e r s to inform the managers 
of the types of s e r v i c e which they hope to o b t a i n from 
t h e s e new systems. 
The Importance Of Knowing The C h a r a c t e r i s t i c s Of The Database 
Having o u t l i n e d the b a s i c s t r u c t u r e of the database 
i n i t s p r e s e n t format and the v a r i o u s uses to which i t 
can be put, i t now becomes n e c e s s a r y to c o n s i d e r the 
c h a r a c t e r i s t i c s of t h e ' d a t a and t h e i r e f f e c t s on the u s e r s . 
An a p r i o r i understanding of the f e a t u r e codes adopted by 
OS i s of fundamental importance to any u s e r w i s h i n g to 
t a k e f u l l advantage of the data i n t h e i r d i g i t a l form. 
A complete d i g i t a l map sheet i s b u i l t up of many 
d i f f e r i n g f e a t u r e s with t h e i r a p p r o p r i a t e n u m e r i c a l code. 
I f a u s e r i s to p l o t the e x a c t i n f o r m a t i o n he r e q u i r e s 
then he must be f u l l y aware of the coding procedures adopted 
a t the d i g i t i s i n g t a b l e . 
I n order to g a i n an i n s i g h t i n t o t h e s e procedures, 
a s e r i e s of experiments were c a r r i e d out to break ^ own a 
1:1250 pla n i n t o i t s component p a r t s . These i n v e s t i g a t i o n s 
were c a r r i e d out by the author w i t h Durham sheet NZ 2642NE. 
I t i s known from subsequent s t a t i s t i c a l a n a l y s i s t h a t p l a n s 
of t h i s n a ture have over two thousand f e a t u r e s i n a l l w i th 
an e x c e s s of t h i r t y c l a s s i f i e d t y p e s . Software was w r i t t e n 
f o r the i n v e s t i g a t i o n to ^rtaW. iown the sheet i n t o i t s 
atomic p a r t s , the source code of which i s l i s t e d i n Annex 1. 
T h i s software was designed to read a f i l e i n Ordnance Survey 
DMC format and generate a s e r i e s of s u b f i l e s f o r each of 
the f e a t u r e t y p e s . The DMC format i s p r e s e r v e d throughout 
i n order t h a t the D09 p l o t t i n g software can subsequently 
p r o c e s s each s u b f i l e i n t u r n and generate g r a p h i c output 
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from the breakdown. The p l o t t i n g s c a l e has been reduced 
from the d e f a u l t 1:1250 to 1:2500 to keep the r e s u l t s 
compact f o r d i s p l a y purposes. These r e s u l t s can be seen 
i n Annex 7. 
The r e s u l t s of the i n v e s t i g a t i o n show q u i t e an 
unexpected s e r i e s of g r a p h i c s . There appears to be l i t t l e 
c o o r d i n a t i o n of l i n e s w i t h i n each p l o t . For example, a l l 
house f r o n t a g e s which are coded 3 ( B u i l d i n g - o t h e r ) , appear 
q u i t e s e p a r a t e from t h e i r boundaries which a r e coded 30 
(Fence, Wall e t c - non r o a d ) . T h i s example p r o v i d e s good 
evidence of the u n s t r u c t u r e d c h a r a c t e r i s t i c s of the DMC 
format. A d d i t i o n a l l y i t e x p l a i n s q u i t e c o n v i n c i n g l y why 
the user must understand f u l l y the coding procedures adopted. 
I f , f o r example, he r e q u i r e s a p l o t of a l l b u i l d i n g i n f o r m a t i o n 
and s u p p r e s s i o n of e v e r y t h i n g e l s e , then i t may not simply 
i n v o l v e s e l e c t i n g a l l f e a t u r e s coded by the c l a s s i f i c a t i o n 
' b u i l d i n g 1 . T h i s was attempted a l s o d u r i n g t h i s exercise'? 
the r e s u l t s appear a t the end of Annex 7. I t can be seen 
t h a t e q u a l l y poor s t r u c t u r e d p l o t s develop s i n c e the g r a p h i c s 
ar e m i s s i n g c e r t a i n other f e a t u r e s which the u s e r may not 
be aware t h a t he must s e l e c t . These l i m i t a t i o n s could a l s o 
sevexbLy a f f e c t the production of s k e l e t o n maps f o r other 
types of i n f o r m a t i o n . Annex 7 shows an example of a s k e l e t o n 
map f o r road i n f o r m a t i o n although t h i s too i s poorly 
s t r u c t u r e d . 
T h i s road based s k e l e t o n map shows a second s e v e r e 
l i m i t a t i o n of the c u r r e n t data content. The Durham sheet 
under s c r u t i n y has a r a i l w a y v i a d u c t i n the south e a s t e r n 
corner and s i n c e t h i s i n f o r m a t i o n has been suppressed, a l l 
the road i n f o r m a t i o n which p a s s e s under the v i a d u c t , i n c l u d i n g 
the c e n t r e l i n e , i s broken. These two examples help to 
show p o s s i b l e drawbacks i n the c u r r e n t d a t a format from 
a c a r t o g r a p h i c p o i n t of view i n a d d i t i o n to those a l r e a d y 
d i s c u s s e d from a c a d a s t r a l p o i n t of view. 
The i n v e s t i g a t i o n has attempted to show t h a t i f a 
u s e r r e q u i r e s a s p e c i f i c s k e l e t o n map, he must know 
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p r e c i s e l y which, f e a t u r e s to e x t r a c t and which to s u p p r e s s . 
T h i s i n f o r m a t i o n cannot r e a d i l y be -obtained from a mere 
gl a n c e through the f e a t u r e codes l i s t , t h e r e i s a need f o r 
an a p r i o r i understanding of the coding s t r a t e g y . 
Two other c h a r a c t e r i s t i c s should be pointed out which 
are not immediately e v i d e n t from any l i t e r a t u r e so f a r 
a v a i l a b l e on the s u b j e c t . An example of g r o s s enlargement 
of p l o t t i n g s c a l e has a l r e a d y been d i s c u s s e d with an 
example given i n Annex 8. Perhaps the r e s u l t i n g poor c l o s u r e 
of f e a t u r e s should be expected a t t h i s over e n l a r g e d s c a l e . 
However, these m i s c l o s u r e s may have s e r i o u s consequences 
f o r more a n a l y t i c a l t a s k s . A t y p i c a l example could i n v o l v e 
attempts to compute "the a r e a of f e a t u r e s , or volumes i f 
the contours of a 1:10000 map a r e i n c l u d e d . C e r t a i n l y the 
u s e r must be aware t h a t he r e q u i r e s to s p e c i f y a s e r i e s 
of t h r e s h o l d t o l e r a n c e s i n h i s software i n o r d e r to handle 
these m i s c l o s u r e s . 
M i s c l o s u r e s of t h i s n a t u r e are to be expected when 
the d i g i t i s i n g p rocess i s not f o l l o w e d by post p r o c e s s i n g 
to ensure p o i n t c o U i n e a r i t y , a technique ignored by OS. 
A second c h a r a c t e r i s t i c worth n o t i n g can develop 
when two or more s h e e t s are concatenated togothor f o r 
p l o t t i n g purposes. As one would wish, t h e r e seem to be 
no problems i n e n s u r i n g the c o n t i n u i t y of f e a t u r e s a t 
sheet edges although as the example i n Annex 9 shows,, 
th e r e i s the disadvantage of r e p e a t e d t e x t u a l i n f o r m a t i o n . 
T h i s can e a s i l y be r e s o l v e d by s u i t a b l e s u p p r e s s i o n of 
the repeated t e x t but perhaps u s e r s are not immediately 
aware of t h i s c h a r a c t e r i s t i c and c e r t a i n l y i t w i l l be 
n e c e s s a r y to produce an i n i t i a l t e s t p l o t . No doubt a 
cathode r a y d i s p l a y u n i t with g r a p h i c f a c i l i t i e s w i l l 
b e n e f i t the system here. 
Attempts have been made i n t h i s chapter to i n t r o d u c e 
the development of the d i g i t a l database and c o n s i d e r the 
p o t e n t i a l which such an i n f o r m a t i o n system might-have. 
P o s s i b l e l i m i t a t i o n s have been shown which may be r e s o l v e d 
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w i t h the development of s u i t a b l e s o f t w a r e . F i n a l l y i t has 
been suggested t h a t perhaps p o t e n t i a l u s e r s a r e not f u l l y 
aware of the p o s s i b i l i t i e s which such a system could o f f e r 
and c e r t a i n l y any l i t e r a t u r e c u r r e n t l y a v a i l a b l e on the 
c h a r a c t e r i s t i c s of the data seems to be s c a r c e . 
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Chapter Three 
The Alms Of The Study 
Maps a t the 1:1"250 s c a l e cover approximately 5.7 
per cent of" G r e a t B r i t a i n ( H a r l e y 1 9 7 5 ) and p r o v i d e the 
b a s i c s c a l e s d a t a f o r the urban r e g i o n s of the country. 
Each sheet r e p r e s e n t s a ground a r e a of 500 metres square. 
The remainder of the country i s mapped a t 1:2500 s c a l e 
although i n remote mountain and moorland d i s t r i c t s , the 
l a r g e s t s c a l e reduces to 1 : 1 0 0 0 0 . These t h r e e p u b l i s h e d 
s c a l e s p rovide the b a s i c n a t i o n a l map s e r i e s . The 
c o n v e r s i o n to d i g i t a l s t o r a g e f o r t h e s e data i s no mean 
t a s k as p o i n t e d out by Thompson ( 1 9 7 8 ) . 
A f t e r some f i v e y e a r s of d i g i t a l map production a t 
Ordnance Survey, some 3 per cent of the t o t a l b a s i c s c a l e 
maps have been d i g i t i s e d . The p r e s e n t p o l i c y , however, i s 
to convert map s h e e t s which l i e only i n s p e c i f i c a r e a s . 
These proposed d i g i t a l a r e a s r e p r e s e n t 17.5 per cent of 
the t o t a l i n the s e r i e s and i n l a t e 1 9 7 8 some 17 . 5 per cent 
of the s h e e t s i n t h e s e a r e a s had been d i g i t i s e d (Thompson 
1978). The proposed d i g i t a l mapping r e g i o n s were designated 
as a d i r e c t r e s u l t of the response and i n t e r e s t expressed 
by p o t e n t i a l u s e r s i n automated mapping a p p l i c a t i o n s . 
The amount of i n f o r m a t i o n stored" w i t h i n the database 
on i t s completion i s expected to be f a i r l y e x t e n s i v e . The 
c h a r a c t e r i s t i c s o f t h e s e dimensions w i l l be very important 
from many p o i n t s of view. S i n c e i t s i n c e p t i o n i n the e a r l y 
1970's, much i n v e s t i g a t i o n has been undertaken to d i s c o v e r 
the uses, management and e f f i c i e n c y of such a system. An 
a r e a tending to be n e g l e c t e d i n the r e c e n t p a s t has been 
a study of the database dimensions both now and i n the 
long term. Even a t Southampton, t h e r e has been very l i t t l e 
i n house study to provide any e s t i m a t e s . 
One of the c h i e f o b j e c t i v e s of t h i s t h e s i s has been 
to i n v e s t i g a t e the p o s s i b i l i t y of g e n e r a l s t a t i s t i c a l 
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a n a l y s e s - the data w i t h the view to producing some 
p r o j e c t e d e s t i m a t e s of the dimensional q u a n t i t i e s f o r 
the completed system. These e s t i m a t e s w i l l be b e n e f i c i a l 
to the mapping i n d u s t r y and l a n d i n f o r m a t i o n managers 
a l i k e . 
The d e c i s i o n to form t h i s c o l l a b o r a t i v e p r o j e c t 
with OS was taken i n February 1979. The u n i v e r s i t y 
environment a t Durham i s w e l l s u i t e d to such a t a s k s i n c e 
the data p r o c e s s i n g f a c i l i t i e s are v e r y good. Thus 
r e s e a r c h can be undertaken w i t h t h e s e f a c i l i t i e s l e a v i n g 
the OS hardware f r e e to s p e c i a l i s e i n the development of 
t h e i r production environment. 1 
Durham U n i v e r s i t y i s the j o i n t owner of the Northumbrian 
U n i v e r s i t i e s M u l t i p l e .Access Computer system (NUMAC) 
which i s based on two IBM c e n t r a l p r o c e s s o r s - a System 
360/67 and a System 370/168 w i t h v i r t u a l memory. The 
l a t t e r machine operates under the MTS (Michigan Terminal 
System) e x e c u t i v e which i s a time s h a r i n g m u l t i p l e a c c e s s 
system a l l o w i n g one hundred or more t e r m i n a l s to be on 
l i n e a t any one time. T h i s machine was to be used f o r the 
software development and data m a n i p u l a t i o n requirements 
f o r t h i s t h e s i s . 
Data i n t e r c h a n g e between the OS and NUMAC i n s t a l l a t i o n s 
p r e s e n t e d few problems owing to the wide v a r i e t y of tape 
formats o f f e r e d by the Mapping Agency. Nine t r a c k computer 
compatible tapes were adopted, with a packing d e n s i t y of 
1600 b . p . i . s t o r i n g the DMC format as EBCDIC c h a r a c t e r s . 
The sheer magnitude of 4502 d i g i t a l s h e e t s p r e s e n t l y 
a v a i l a b l e (Thompson 1978) prevented the p o s s i b i l i t y of OS 
s u p p l y i n g the c u r r e n t database to Durham. A c a r e f u l l y 
designed sample of the s h e e t s a v a i l a b l e - w a s r e q u i r e d , 
t h e r e f o r e , to provide the best s e r i e s of e s t i m a t o r s t h a t 
such a study could o f f e r . 
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The Design Of The Sampling Procedure 
The design and implementation o f a s p a t i a l sample 
has long been o f major concern f o r Q u a n t i t a t i v e Geographers. 
I n g e n e r a l , they take a sample i f they wish t o g e n e r a l i s e 
a p o p u l a t i o n or more u s u a l l y "because they cannot handle 
the whole p o p u l a t i o n i n terms o f computing time and data 
storage. The l a t t e r o f these two motives i s the one which 
concerns t h i s p r o j e c t . 
I n the past, researchers have attempted to base t h e i r 
samples on a r i g i d s t a t i s t i c a l or p r o b a b i l i t y approach. 
Berry and marble ( i 96 8) suggest v a r i a t i o n s on the basic 
random through t o systemirfatic themes. Haggett, C l i f f and 
Frey (1977) p o i n t o u t , 
" t h e r e can be, e s s e n t i a l l y two approaches t o 
sample design:- purposive or 'hunch' sampling 
where i n d i v i d u a l s are s e l e c t e d which are thought 
t o be t y p i c a l o f the p o p u l a t i o n as a whole, and 
proba-bil-i-ty based- sampling where the i n d i v i d u a l s 
are drawn on the basis o f r i g o r o u s mathematical 
t h e o r y . " 
With the l a t t e r of the two approaches, once the 
design i s adopted, i n d i v i d u a l s are drawn according to the 
e s t a b l i s h e d s e t o f r u l e s . 
I d e a l l y , t h i s i n v e s t i g a t i o n would have g r e a t l y 
favoured a p r o b a b i l i t y based design since knowing the 
fundamental set o f r u l e s governing the s e l e c t i o n o f the 
sheets would have enabled confidence l i m i t s and s t a t i s t i c a l 
i n f e r e n c e s t o f o l l o w f a r more c o n v i n c i n g l y . However, a 
'purposive' sampling design had t o be adopted f o r a number 
of reasons: 
(a) d i g i t a l coverage o f the country i s f a i r l y sparse 
a t the present time; 
(b) the d e s i g n a t i o n o f the areas which are t o have d i g i t a l 
coverage h«3 f o l l o w e d no f o r m a l r u l e s - they have 
developed as a r e s u l t o f user i n t e r e s t ; 
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(c ) f o r a d m i n i s t r a t i v e reasons, the OS could f a r more 
e a s i l y handle the supply o f blocks o f i n f o r m a t i o n 
as opposed t o random sheet s e l e c t i o n given t h a t the 
number r e q u i r e d was o f the order of 500 sheets. 
Since a 'purposive' approach very much depends on 
any ideas, h e l d by .the researcher i n the o u t s e t , g r e a t care 
i s necessary t o ensure t h a t the s e l e c t i o n of the i n d i v i d u a l s 
does not produce a biassed summary of the p o p u l a t i o n . The 
d i g i t a l areas are f a i r l y w e l l s c a t t e r e d throughout Great 
B r i t a i n and hence the sample was drawn from as many of these 
areas as p o s s i b l e . I n t h i s way, i t was hoped t h a t the 
r e s u l t s would not be too i n f l u e n c e d by l o c a l anomalies 
as may have been the case had the e n t i r e data been drawn 
as a block from few d i g i t a l areas. 
I t i s probably t o be expected t h a t a d i g i t a l sheet 
from a dense urban area w i l l have d i f f e r e n t c h a r a c t e r i s t i c s 
from e i t h e r a r u r a l area or a sparsely populated urban 
r e g i o n . I n an attempt t o i n v e s t i g a t e the t r u t h o f t h i s 
h y pothesis the sampling procedure adopted was based on 
the ideas o f s t r a t i f i c a t i o n . A sample was drawn from each 
of the s t r a t a a t both 1:1250 and 1:2500 scale wherever 
p o s s i b l e . An a d d i t i o n a l s t r a t i f i c a t i o n c r i t e r i o n was 
i n c l u d e d based on the n a t u r e of the t e r r a i n which the maps 
provide d coverage f o r . W i t h i n the d i g i t a l areas, t h e r e i s 
a g r e a t v a r i a t i o n i n the ground t e r r a i n r a n g i n g from the 
r e l a t i v e l y f l a t areas o f Birmingham t o the much more h i l l y 
r e g i o n s o f Derwentside. These topographic d i f f e r e n c e s w i l l 
probably have some e f f e c t on t h e i r p o p u l a t i o n s but perhaps 
more i m p o r t a n t i n t h i s i n s t a n c e , could p r o v i d e d i f f e r e n t 
d i g i t a l c h a r a c t e r i s t i c s f o r the maps. Height i n f o r m a t i o n 
i t s e l f i s i r r e l e v a n t on the basic scale 1:1250 and 1:2500 
sheets, but i t may a f f e c t c h a r a c t e r i s t i c s such as the 
segment di s t a n c e s o f d i g i t i s e d l i n e f e a t u r e s f o r example. 
The sampling design adopted f o r t h i s study, t h e r e f o r e , 
was not p r o b a b i l i t y based al'though g r e a t care was taken 
i n the design^pf i t s s t r u c t u r e and the s t r a t i f i c a t i o n 
approach ensured t h a t both t e r r a i n and p o p u l a t i o n s i z e 
I 
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had v a l i d r e p r e s e n t a t i o n s , g i v e n the l i m i t a t i o n s o u t l i n e d 
e a r l i e r . 
The a c t u a l sheets o b t a i n e d numbered 478 i n a l l (210 x 
1:2500 sca l e , 260 x 1:1250 s c a l e ) . The s t r a t i f i c a t i o n 
breakdown i s o u t l i n e d i n Appendix E. 
The Approach Adopted For The I n v e s t i g a t i o n 
Any map sheet i n a d i g i t a l format enables a g r e a t 
many more m a n i p u l a t i o n p o s s i b i l i t i e s than does i t s g r a p h i c 
e q u i v a l e n t . Once an undex'utanning o f the DiviC customer 
format o f the OS d i g i t a l tapes has been achieved, i t i s 
not too d i f f i c u l t t o develop a p p r o p r i a t e software t o c a r r y 
out a g r e a t v a r i e t y of processing s k i l l s . 
A study o f the c h a r a c t e r i s t i c s o f the topographic 
d i g i t a l database as operated by OS can be subdivided i n t o 
several--broad s u b d i v i s i o n s ; P r i m a r i l y i t i s p o s s i b l e t o 
consider each map sheet as an i n d i v i d u a l , and proceed to 
generate a s e r i e s o f s t a t i s t i c a l q u a n t i t i e s f o r each sheet 
as a s i n g l e u n i t . Comparisons can then be made between 
the a b s o l u t e q u a n t i t i e s which are d e r i v e d f o r each sheet. 
I t i s a f a i r l y t r i v i a l t a sk t o extend these basic 
concepts, t r e a t i n g the whole of the sample as a s i n g l e 
u n i t . Thus i n s t e a d o f g e n e r a t i n g a range o f s t a t i s t i c a l 
q u a n t i t i e s f o r each i n d i v i d u a l , they are concatenated 
t o g o t h o r t o d e r i v e a s i n g l e set of s t a t i s t i c s f o r the 
sample as a whole. 
F i n a l l y the i n d i v i d u a l sheets can be grouped t o g e t h e r 
i n t o t h e i r s t r a t i f i c a t i o n u n i t s as o u t l i n e d i n the sample 
design procedure. Hence a s i m i l a r s e r i e s o f s t a t i s t i c a l 
q u a n t i t i e s can be developed f o r each st r a t u m . This w i l l 
a l l o w comparisons between each set o f r e s u l t s and p o s s i b l y 
show the e f f e c t o f both p o p u l a t i o n and ground t e r r a i n on 
the c h a r a c t e r i s t i c s o f the d i g i t a l sheets. Of course f o r 
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comparison purposes by s t r a t a , i t becomes necessary t o 
weight each set of r e s u l t s as a f u n c t i o n o f the number o f 
sheets i n the s t r a t a . , This can be most p r a c t i c a l l y achieved 
by d i v i d i n g each r e s u l t by the number o f sheets i n the 
stratum. The s t a t i s t i c a l q u a n t i t i e s would then r e v e r t 
from a b s o l u t e numbers t o r a t i o s . 
Since these t h r e e basic approaches can be c a r r i e d 
out f o r data from each mapping scale (1250 and 2500), then 
comparisons can a d d i t i o n a l l y be made between the two basic 
s c a l e s . 
Types Of S t a t i s t i c a l A n a l y s i s 
As f a r as the author i s aware, t h e r e has been l i t t l e 
r esearch undertaken i n v o l v i n g the s t a t i s t i c a l a n a l y s i s o f 
OS d i g i t a l data. I t would f o l l o w , t h e r e f o r e , t h a t any t e s t s , 
no matter how t r i v i a l , would be an improvement on the 
s t a t u s quo. Rhind (1974) p o i n t s out the i d i o c y o f c a r r y i n g 
out more s o p h i s t i c a t e d analyses on a data set w i t h o u t 
f i r s t d i s c o v e r i n g the most simple o f u n i v a r i a t e s t a t i s t i c s 
f o r the d i s t r i b u t i o n . The simple s t a t i s t i c s developed i n 
t h i s i n s t a n c e i n v o l v e : a b s o l u t e counts o f f e a t u r e s , the 
d i s t a n c e they r e p r e s e n t a t both ground and p l o t t i n g scale, 
the t o t a l number o f l i n e segments, the t o t a l number of data 
p o i n t s , e t c . These s o r t s o f data w i l l be h y p e r - u s e f u l f o r 
p l a n n i n g , p l o t t i n g or f u r t h e r a n a l y t i c purposes. 
The a b i l i t y t o achieve s t a t i s t i c a l q u a n t i t i e s o f 
t h i s n a t u r e i s a d i r e c t r e f l e c t i o n on the p r o p e r t i e s 
which a d i g i t a l format can o f f e r . The c a l c u l a t i o n o f 
simple u n i v a r i a t e s t a t i s t i c s can g i v e the user a f a m i l i a r i t y 
w i t h the map sheets from a q u a n t i t a t i v e p o i n t o f view as 
opposed to the mere q u a l i t a t i v e impressions which the 
v i s u a l study o f a graphic p r o v i d e s . These basic q u a n t i t i e s 
w i l l g i v e , perhaps, the f i r s t i n d i c a t i o n of the types o f 
f e a t u r e which a topographic i n f o r m a t i o n system w i l l c o n t a i n . 
They w i l l show the most prominent f e a t u r e s and p o s s i b l y 
p r o v i d e an idea o f t h e i r r e l a t i o n s h i p w i t h p o p u l a t i o n and 
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ground t e r r a i n . P r o j e c t s o f t h i s nature have always been 
p o s s i b l e w i t h the c o n v e n t i o n a l paper based maps although 
the manual procedures i n v o l v e d tends to be l a b o r i o u s and 
hence discourages any i n t e r e s t e d p a r t i e s from t a c k l i n g 
the problem. C e r t a i n l y one could not hope to achieve the 
accuracy t h a t a d i g i t a l approach can p r o v i d e given t h a t 
the accuracy of the data i n the o u t s e t i s t o a s u i t a b l e 
standard. 
Prom the r e s u l t s o b t a i n e d f o r the sample, i t i s 
p o s s i b l e to projec-^the values t o t h e i r e q u i v a l e n t f o r the 
e n t i r e c o u n t r y . The s t r a t i f i c a t i o n o f the sample should 
improve the r e l i a b i l i t y o f the r e s u l t s . Suppose we had 
a sample of t h r e e sheets out o f 150 i n a s t r a t a , then 
t h i s c o n s t i t u t e s a 1 i n 50 (2 per cent) sample. To p r o j e c t 
the sample t o the one hundred per cent p o p u l a t i o n would 
e n t a i l an enlargement o f the r e s u l t s by a f a c t o r o f f i f t y 
t i mes. 
The approach i s n o t r i g o r o u s and c e r t a i n l y leaves 
much t o be d e s i r e d but a t l e a s t i t can improve upon the 
absence of any p r e v i o u s r e s u l t s o f t h i s n a t u r e . The 
l i m i t a t i o n s o f the technique are most dependent on a number 
o f basic assumptions: 
Although the a r b i t r a r y d i g i t a l areas are f u r t h e r 
c l a s s i f i e d i n t o s t r a t a , t h e r e i s s t i l l the 
u n d e r l y i n g assumption o f homogeneity of the map 
sheets w i t h i n each st r a t u m . This i s almost 
c e r t a i n l y an i n v a l i d s u p p o s i t i o n , since the chances 
of homogeneity i n p o p u l a t i o n and t e r r a i n over a l l 
the stratum minimal. Indeed, t h e r e are no hard 
and f a s t r u l e s governing the n a t u r e o f the 
topography i n each of these r e g i o n s . 
The s e l e c t i o n o f the map sheets w i t h i n each s t r a t a 
i s not random - the sample i s the best t h a t OS can 
provide given ( a ) the present: sheets a v a i l a b l e i n 
d i g i t a l format and ( b ) the huge a d m i n i s t r a t i v e 
requirements on the p a r t o f the data c o n t r o l s e c t i o n 
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of OS. 
The contents and c h a r a c t e r i s t i c s o f each i n d i v i d u a l 
sheet w i l l probably d i f f e r c o n s i d e r a b l y from one 
to another. The s t r u c t u r e o f the data depends on 
oper a t o r ' s d i g i t i s i n g procedure. Although d i g i t a l 
f i l e s pass through many e d i t stages before they 
can enter the databank f o r storage and marketing 
purposes, t h e r e may be ins t a n c e s where f e a t u r e s 
have been o m i t t e d . Indeed, Thompson (1978) suggests 
t h a t many lan d p a r c e l s , f o r example, are n o t 
completely d e p i c t e d on the l a r g e scale sheets. 
This drawback could present f u r t h e r problems 
should attempts be made t o i n t e r f a c e the system 
w i t h H.M. Land R e g i s t r y . 
Since the d i g i t a l mapping r e g i o n s have been 
designated as a d i r e c t r e s u l t o f user i n t e r e s t , 
i t would be f a i r l y t r u t h f u l t o suppose t h a t these 
are areas where much t o p o g r a p h i c a l change i s l i k e l y . 
Thus the d i g i t a l areas themselves should not be 
considered t y p i c a l o f the country as a whole. 
Given t h a t these u n d e r l y i n g assumptions are v a l i d 
i s almost c e r t a i n t o produce a biassed sample, i . e . one 
which w i l l not re p r e s e n t the country as a whole. However, 
a t t h i s e a r l y stage i n the d i g i t a l mapping programme, such 
a sample i s the best t h a t we can hope t o achieve. I t should 
serve, a t l e a s t , as an e x p l o r a t o r y t o o l f o r f u r t h e r , more 
v a l i d and complex, analyses as more d i g i t a l i n f o r m a t i o n 
becomes a v a i l a b l e . 
The 478 d i g i t a l sheets i n c l u d e d i n the study form 
a 1.25 per cent sample o f basic scale maps i n d i g i t a l 
areas, although they c o n s t i t u t e a 10.9 per cent sample 
o f the d i g i t a l maps c u r r e n t l y i n p r o d u c t i o n . 
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Software Design And Development 
Programs f o r the s t a t i s t i c a l a n a l y s i s o f the d i g i t a l 
data were w r i t t e n f o r the NUMAC i n s t a l l a t i o n i n standard 
NCC FORTRAN. Since the magnetic tapes s u p p l i e d by OS h e l d 
topographic i n f o r m a t i o n i n DMC customer format, the 
software was designed t o enable m a n i p u l a t i o n o f DMC re c o r d s . 
During the i n i t i a l stages o f development, the types 
of analyses and the n a t u r e o f the approach were f a i r l y 
i n d e c i s i v e and hence the software took a modular design. 
I n t h i s way, i t became p o s s i b l e t o add more 'modules' as 
the research progressed and as ideas developed. Consequently, 
one l a r g e program evolved which could perform a m u l t i t u d e 
o f o p e r a t i o n s on the supply o f some s p e c i f i c user r e q u e s t . 
This proved t o be f a r more b e n e f i c i a l than the adoption 
of a s e r i e s of separate programs since the l a t t e r 
a l t e r n a t i v e would have r e q u i r e d e i t h e r repeated code or 
a more complex and fre q u e n t l i n k and c o m p i l a t i o n process 
a t the run time. The s i n g l e l a r g e - p a c k ag e could be sto r e d 
i n i t s compiled form ready f o r immediate l o a d and execution 
thereby a v o i d i n g c o s t l y compiler runs each time a program 
run was r e q u i r e d . 
• 
The Database Held At Durham 
Computer processing of the OS data i n t h e i r DMC form 
i s c o s t l y i n terms o f time and storage. On the whole, any 
data m a n i p u l a t i o n o r a r i t h m e t i c o p e r a t i o n s r e q u i r i n g CPU 
time are t r i v i a l and the d r a i n on the computer resources 
stems from the i n e f f i c i e n c y i n the I n p u t and Output ( I / O ) 
o p e r a t i o n s - the data t r a n s f e r , from backing s t o r e such as 
tape of d i s k i n t o core f o r CPU m a n i p u l a t i o n . 
Since the topographic data are h e l d on tapes i n a 
cha r a c t e r format, the software has t o r e l y on FORTRAN 
read and w r i t e o p e r a t i o n s as opposed t o the f a s t e r and 
more e f f i c i e n t e x e c u t i v e I/O. The FORTRAN I/O i s much 
slower since the system must convert the EBCDIC code i n t o 
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a binary e q u i v a l e n t . The system a l s o v a l i d a t e s a l l t r a n s f e r s 
by means o f checking r o u t i n e s which e x e c u t i v e I/O does n o t . 
Both the coding conversion and the data v a l i d a t i o n are 
beyond the c o n t r o l o f any FORTRAN program. 
This slower, i n e f f i c i e n t data t r a n s f e r produces 
gr e a t disadvantages w i t h the OS i n f o r m a t i o n since each 
re c o r d s i z e i s s m a l l , r e s t r i c t e d t o only e i g h t c h a r a c t e r s . 
(See appendix C). There r e q u i r e t o be, t h e r e f o r e , many 
I/O o p e r a t i o n s f o r each sheet t o be processed w i t h a. 
corres p o n d i n g l y h i g h e r number o f conversions and v a l i d a t i o n s . 
Needless t o say i f the data a n a l y s i s a t Durham was 
to be most e f f i c i e n t , each tape was r e q u i r e d t o be processed 
once and only once, keeping I/O t o a minimum. The r e s u l t s 
could then be st o r e d on d i s k p r o v i d i n g a database f o r 
r a p i d r e t r i e v a l . The database developed and accessed by 
the software i s subdivided, e s s e n t i a l l y , i n t o t h r e e f i l e s : 
F i l e 1 - on FORTRAN channel 10 s t o r e s accumulated s t a t i s t i c s 
f o r the e n t i r e data as a whole. Thus as more 
sheets are processed, the counts o f f e a t u r e s , 
records, e t c . increases since t h i s f i l e t r e a t s 
every sheet as an a d d i t i o n t o those which have 
al r e a d y been analysed. I t f o l l o w s t h a t a t any 
time, i t i s p o s s i b l e t o o b t a i n the s t a t u s of 
the data study. This f a c i l i t y i s envbked by 
the request command 'STATUS' and presents the 
user w i t h a summary o f the contents o f f i l e 1 . 
i 
F i l e 2 - on FORTRAN channel 11. s t o r e s the names o f the 
map sheets as they have been processed and 
in c l u d e d i n the data study. As appendices A 
and G show, the DMC format r e f e r e n c e s each 
map sheet by the N.G. co o r d i n a t e s o f the 
south west corner. I t was considered t o be 
more b e n e f i c i a l i f t h i s r e f e r e n c i n g system be 
converted back t o the t r a d i t i o n a l system as 
used by OS on t h e i r c o n v e n t i o n a l paper based 
l a r g e scale data. The software handles t h i s 
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conversion and s t o r e s the r e s u l t s i n f i l e 2. 
P i l e 3 - on FORTRAN channel 12 i s perhaps the most 
i m p o r t a n t f i l e i n the database. I t i s here where 
the s t a t i s t i c s f o r each i n d i v i d u a l sheet are 
s t o r e d . Thus the software t r e a t s f i l e 2 as an 
index or h u b - f i l e and then from t h i s i n f o r m a t i o n 
i t can compute the s p e c i f i c addresses o f the 
corresponding i n f o r m a t i o n s t o r e d i n f i l e 3. 
This enables r a p i d r e t r i e v a l o f r e s u l t s f o r any 
de s i r e d map sheet. 
The User S p e c i f i e d Commands For The Data Study Software 
The a l g o r i t h m s were designed t o be s e l f - c h e c k i n g 
e n a b l i n g a novice user t o envoke the program i n i n t e r a c t i v e 
mode and supply requests a f t e r s u i t a b l e prompts from the 
program. A l i s t i n g o f the FORTRAN source can be r e f e r r e d 
t o i n Annex 2. 
There are e i g h t s p e c i f i c f a c i l i t i e s c u r r e n t l y o f f e r e d 
by the software and these can be requested by the a p p r o p r i a t e 
program command, which are o u t l i n e d below: 
INITIALISE - t h i s i n i t i a l i s e s the database, ensuring t h a t 
s u f f i c i e n t backing s t o r e i s a v a i l a b l e , t h a t 
a l l counters are set t o zero arid t h a t a l l 
f i l e s are emptied. I t should not be used 
a f t e r r e s u l t s have been ob t a i n e d unless the 
user r e q u i r e s t o destroy t h i s i n f o r m a t i o n 
and s t a r t again. 
QUIT - This enables the user t o t e r m i n a t e ex.ecution 
at any time. 
HELP - t h i s a s s i s t s a novice user i n how to use the 
program. 
ANALYSE - t h i s envokes the r o u t i n e s necessary t o 
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s t a t i s t i c a l l y analyse OS d i g i t a l data which 
are read i n on FORTRAN channel 3. The r e s u l t s 
are o u t p u t to channel 2 and a l s o to the d i s k 
database. A d e f a u l t o f 40 map sheets are 
processed a t any one time or u n t i l the DMC 
end o f f i l e code (-3) i s d e t e c t e d . 
RECOVERY - t h i s invokes the r o u t i n e s necessary t o access 
the database and r e t r i e v e the s t a t i s t i c a l 
i n f o r m a t i o n f o r any user d e s i r e d map sheet. 
The r o u t i n e s supply s u i t a b l e prompts and 
e r r o r messages. Two types of access are 
a v a i l a b l e . For the novice user, the system 
can search f o r the absolute addresses i n 
backing s t o r e o f any d e s i r e d sheet i n f o r m a t i o n 
on the supply o f i t s name. For the more 
advanced user who may know these addresses, 
the system can o v e r r i d e the search and a l l o w 
f a s t e r data r e t r i e v a l . 
STATUS - t h i s groups a l l i n d i v i d u a l sheets i n t o one 
whole data set and summarises the i n f o r m a t i o n 
on accumulated counts and moment s t a t i s t i c s . 
There i s also an o p t i o n f o r a l i s t i n g of a l l 
the sheets so f a r i n c l u d e d i n the a n a l y s i s . 
Of fundamental importance t o a user i s the 
knowledge o f how many sheets have, c u r r e n t l y 
been i n c l u d e d - t h i s command pro v i d e s t h i s 
i n f o r m a t 1 on. 
STRATIFY - the i n t r o d u c t i o n o f s t r a t a i n t o the sampling 
procedure has already been o u t l i n e d e a r l i e r 
i n t h i s chapter. This f a c i l i t y enables the 
user t o group two or more sheets t o g e t h e r 
and present a s i m i l a r s e r i e s o f r e s u l t s f o r 
each s t r a t u m . Since the counts are d i v i d e d 
by the number o f sheets i n c l u d e d i n the stratum, 
then they w i l l no l o n g e r be absolute but 
r a t i o s . These r a t i o data can then enable 
comparisons between s t r a t a . 
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DESCRIPTION - t h i s i s an o p t i o n e n a b l i n g the user t o 
i n t e r p r e t the meaning o f any OS f e a t u r e 
code. There are o p t i o n s f o r e i t h e r s e l e c t e d 
codes or a summary of the e n t i r e set (codes 
01 t o 271). 
Attempts were made t o keep the software machine 
independent al t h o u g h i n some circumstances the a l g o r i t h m s 
make b e n e f i c i a l use o f some o f the h e l p f u l f a c i l i t i e s 
o f f e r e d by the MTS o p e r a t i n g system a v a i l a b l e on NUMAC. 
Owing to the modular design of the software, the 
o r d e r i n g o f the sheets a t process time was i r r e l e v a n t . 
This requirement was w e l l s u i t e d t o the format o f the 
tapes r e c e i v e d from Ordnance Survey. However, the 1:1250 
and 1:2500 data were kept separate t o av o i d c o n f u s i o n . 
This enables the 'STATUS' r o u t i n e t o a l l o w comparisons 
to be made a t the two scales. 
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Chapter Four 
S t a t i s t i c a l A n a l y s i s Of The Basic Scales Data 
Any r e s u l t s generated from a p r o j e c t o f t h i s k i n d 
should be looked upon as an e x p l o r a t o r y t o o l o n l y . The 
n a t u r e o f the approach, t o g e t h e r w i t h the l i m i t e d 
sample s i z e , can provide only c a u t i o u s estimates f o r 
the c h a r a c t e r i s t i c s o f the database as a whole, on i t s 
completion i n the l o n g term f u t u r e . 
I n order t h a t t h i s work can a c t as an i n t r o d u c t i o n 
f o r any subsequent data a n a l y s i s o f the t o p o g r a p h i c a l 
i n f o r m a t i o n , the types o f s t a t i s t i c a l technique were 
kept f a i r l y t r i v i a l . The na t u r e of the r e s u l t s i s 
e s s e n t i a l l y one o f counts f o r the i n f o r m a t i o n encompassed 
i n each d i g i t a l map sheet. The software developed f o r the 
purpose presents i t s " f i n d i n g s on the l i n e p r i n t e r i n 
thr e e d i s t i n c t s e c t i o n s . These s e c t i o n s were developed 
as a d i r e c t r e s u l t of the c h a r a c t e r i s t i c s o f DMC (as 
o u t l i n e d i n chapter t w o ) . 
Section one gives i n f o r m a t i o n on the n a t u r e o f the 
s p e c i a l sequence codes encountered d u r i n g the a n a l y s i s . 
These are the p a r t i c u l a r codes r e q u i r e d by the D09 p l o t 
program f o r r o u t i n g w i t h i n the software w h i l s t a d i g i t a l 
f i l e i s being processed. Thus, the i n f o r m a t i o n presented 
i n t h e f i r s t s e c t i o n o f the r e s u l t s i s one o f counts f o r 
A 
the seventeen sequence codes (-1 to - 1 7 ) . There can, of 
course, be many redundancies i n t h i s i n f o r m a t i o n and the 
software can check f o r any i n t e r n a l i n c o n s i s t e n c y 
encountered a t t h i s stage. For example, since code (-1) 
r e p r e s e n t s the s t a r t o f a sheet and c o r r e s p o n d i n g l y , 
code (-2) r e p r e s e n t s the end o f a sheet, then o b v i o u s l y 
the two counts f o r these codes must be equal i f the 
software has performed c o r r e c t l y . A s i m i l a r s i t u a t i o n i s 
present f o r s t a r t and end o f f e a t u r e s (codes -4 and - 5 ) , 
or the breakdown o f f e a t u r e s i n t o l i n e type (-7) or t e x t 
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and symbol types (-8) w i t h the t o t a l f e a t u r e count (-4). 
Section two provides a more d e t a i l e d s t a t i s t i c a l 
breakdown of each f e a t u r e type encountered d u r i n g the 
sheet analyses. For p o i n t symbols and t e x t f e a t u r e s 
(which DMC t r e a t s e x a c t l y the same), t h e r e i s l i t t l e 
i n f o r m a t i o n t h a t can be p r o v i d e d o t h e r than t h e i r 
frequency o f occurrence and the number o f p o i n t s i n v o l v e d 
per f e a t u r e code. The l a t t e r two pieces o f i n f o r m a t i o n 
can again p r o v i d e a redundant check since they should be 
equal. 
I t i s the l i n e f e a t u r e s which can b e n e f i t most from 
t h i s d e t a i l e d s t a t i s t i c a l breakdown. OS handles a l i n e 
f e a t u r e as a s e r i e s o f d i g i t i s e d p o i n t s which when l i n k e d 
t o g e t h e r produce l i n e segments. Studies have been made 
on these l i n e segments i n a d d i t i o n to the basic counts 
al r e a d y discussed. Each l i n e f e a t u r e can be looked upon 
as a s t a t i s t i c a l d i s t r i b u t i o n o f l i n e segments, each 
being c h a r a c t e r i s e d by some s p e c i f i c l e n g t h which 
repre s e n t s e i t h e r a ground d i s t a n c e or a reduced scale 
p l o t d i s t a n c e . As a supplement t o the t o t a l l i n e l e n g t h 
i n v o l v e d f o r each f e a t u r e type, the program p r o v i d e s an 
i n d i c a t i o n o f the n a t u r e o f the segment l e n g t h d i s t r i b u t i o n . 
The maximum and minimum segment l e n g t h s encountered ( a t 
ground scale) i s r e p o r t e d and the moment t e s t s f o r 
n o r m a l i t y are p r o v i d e d . 
Figure 4.1 below shows how skewness and k u r t o s i s 
measures can p r o v i d e i n f o r m a t i o n on any d e v i a t i o n s from 
n o r m a l i t y . 
rm Figure 4.1a Degrees of skewness i n a d i s t r i b u t i o 
p o s i t i v e normal 
skewness 
ne g a t i v e 
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l e p t o k u r t i c 
( l o n g t a i l s , 
p o i n t e d peak) 
normal 
p l a t y k u r t i c 
( s h o r t t a i l s ) 
F i g u r e 4.1b - Degrees o f k u r t o s i s i n a d i s t r i b u t i o n 
Having o u t l i n e d the v a r i o u s d i s t r i b u t i o n shapes 
p o s s i b l e , i t i s necessary t o adopt some basic measures 
to summarise them. These measures can be obtained by 
examining moments about the mean. 
(a) The T h i r d Moment - t h i s i n v o l v e s cubing the 
d e v i a t i o n s about t h e mean t o determine any t o t a l 
d e v i a t i o n from symmetry. By summing these cubed 
d e v i a t i o n s , the dimensions become standardised 
f o r comparison and i t i s p o s s i b l e t o produce a 
dimensionless measure by d i v i d i n g the q u a n t i t i e s 
by the standard d e v i a t i o n r a i s e d t o the t h i - r d power 
(s ) . Cubing the d e v i a t i o n s means t h a t the s i g n i s 
s t i l l r e l e v a n t . Thus a r e l a t i o n s h i p i s made between 
negative and p o s i t i v e v a l u e s . Should the neg a t i v e s 
be dominant, then the d i s t r i b u t i o n w i l l have a 
negative skew or v i c e versa. 
( b ) The Fourth Moment - t h i s i n v o l v e s r a i s i n g the 
d e v i a t i o n s about the mean t o the f o u r t h power, hence 
sign becomes i m p o r t a n t - the r e s u l t i s always p o s i t i v e . 
Since l a r g e d e v i a t i o n s t o the 4th power become much 
l a r g e r , weight i s give n t o the t a i l s whereas the 
c e n t r a l p a r t remains u n a f f e c t e d . Normal d i s t r i b u t i o n s 
produce a f o u r t h power moment o f 3 - the PLATYKURTIC 
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i s g r e a t e r and the LEPTOKURTIC i s l e s s . The program 
avoids t h i s c o n d i t i o n by s u b t r a c t i n g 3 from a l l 
k u r t o s i s measures t o z e r o i s e n o r m a l i t y . 
N.B. Skewnees = £ ( x - 5c ) 5 
(n - 1) ( s ) 3 
K u r t o s i s = £ ( x - x ) 
(n - 1) ( s ) 4 
where: x = segment l e n g t h 
x = mean segment l e n g t h 
s = standard d e v i a t i o n o f 
the segment l e n g t h s 
n = number o f segments 
Section t h r e e o f the r e s u l t s provides i n f o r m a t i o n 
on each map sheet as a whole. I t s u p p l i e s counts o f the 
t o t a l number o f p o i n t s and l i n e segments and gives an 
i n d i c a t i o n o f the amount o f t e x t i n c l u d e d i n the sheet 
by counting i n d i v i d u a l c h a r a c t e r s . Of fundamental 
importance too i s the number o f records r e q u i r e d t o 
d i g i t a l l y s t o r e a map sheet i n DMG format. Since each 
r e c o r d o r l i n e o f DMG data i s an e i g h t c h a r a c t e r s t r i n g , 
i n IBM terms t h i s r e p r e s e n t s a concatenation o f 2 x 32 b i t 
words o f storage. 
Ignored Records And Codes 
As the analyses progressed, i t became e v i d e n t t h a t 
t h e r e were occasions on the magnetic tapes where f e a t u r e 
codes were detected which could n o t be cate.gorised by name. 
Appendix B shows t h a t the f e a t u r e type c l a s s i f i c a t i o n 
adopted by OS i s coded from 01 to 271 i n c l u s i v e . However, 
t h e r e were f e a t u r e s detected, a t scales 1:125.0 and 1:2500, 
which were coded as zero. Since these c o u l d n o t be 
c a t e g o r i s e d , i t was decided t h a t they should be i g n o r e d 
and excluded from the analyses. The software i s designed 
t o r e p o r t the e x i s t e n c e o f these i g n o r e d f e a t u r e s and 
count how many records are i n v o l v e d i n the e x c l u s i o n . 
This coding i n c o n s i s t e n c y arose i n the d i g i t a l mapping 
system a t Southampton when a t r a n s f e r was made from DMA, 
the i n i t i a l t e s t system, to DMB the c u r r e n t p r o d u c t i o n 
f l o w l i n e . 
Summary Of The Results For The Basic Scales Data 
1:1250 Scale 
(a) I n d i v i d u a l Map Sheet A n a l y s i s 
For consistency, Durham sheet NZ 2642NE has been 
chosen as an example o f a t y p i c a l 1:1250 d i g i t a l p l a n . 
This i s the sheet which was adopted f o r the d e t a i l e d 
breakdown as discussed i n chapter two and o u t l i n e d i n 
annex 7. 
The r e s u l t s o f the s t a t i s t i c a l a n a l y s i s are shown 
i n p a r t a o f Annex 3. The sheet i s not o f an ^ a t y p i c a l 
s i z e f o r 1:1250 data comprising some 31,115 records, of 
which 14,789 of these s t o r e a p p r o p r i a t e x and y 
c o o r d i n a t e s f o r graphic r e g e n e r a t i o n . The sheet comprises 
a t o t a l o f 12,689 l i n e segments which rep r e s e n t s i n 
excess o f 49.5 k i l o m e t r e s a t ground scale ( n e a r l y 40m a t 
p l o t t i n g s c a l e ) . By f a r the l a r g e s t users of l i n e segments 
are f e a t u r e s coded as number 30 (Fence, Wall e t c . - non 
road) - these accounting f o r 12.5 km o f l i n e w o r k a t 
ground s c a l e . There were 778 f e a t u r e s c a t e g o r i s e d as code 
30, i n v o l v i n g 3,661 p o i n t s or 2,883 l i n e segments. The 
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mean ground d i s t a n c e of the segment l e n g t h s i s 4.4 metres 
although t h i s c o n c e a l s v a s t extremes ran g i n g from 86.38 
to zero metres. The occurence of t h i s minimum d i s t a n c e of 
z e r o i s very i n f r e q u e n t and a r i s e s due to the round-off 
p r o c e s s undertaken a t Southampton when the b a s i c g r i d 
squares a r e converted from b i n a r y r e p r e s e n t a t i o n s (1024) 
to t h e i r decimal e q u i v a l e n t (1000) f o r DMC. 
The sheet as a whole comprises 31 of the 109 
f e a t u r e types a v a i l a b l e f o r l a r g e s c a l e usage and p o s s e s s e s 
2,100 f e a t u r e s i n a l l (1,804 l i n e type and 296 t e x t or 
p o i n t symbols). 
T h i s type of s t a t i s t i c a l i n f o r m a t i o n i s now a v a i l a b l e 
f o r every sheet h e l d a t Durham i n the database and can 
be r e t r i e v e d v e r y e a s i l y . The s i z e of the 1:1250 s h e e t s 
and f e a t u r e f r e q u e n c i e s does vary, of course, from sheet 
to sheet although those w i t h i n urban a r e a s have breakdowns 
which are . s i m i l a r to the Durham sheet. F e a t u r e 
code 30 forms the bulk of the l i n e w o r k on every sheet 
although those with many roads do tend to p o s s e s s more 
l i n e s than o t h e r s where routeways a r e l e s s f r e q u e n t . 
The s i z e of the 1:1250 s h e e t s vary from around 8,000 
r e c o r d s to In excess of 35,000. As one would expect, the 
s h e e t s w i t h most r e c o r d s a r e l o c a t e d i n a r e a s of high 
urban p o p u l a t i o n d e n s i t y such as Birmingham or Southampton 
(both i n d i g i t a l a r e a s ) . 
(b) The E n t i r e 1:1250 S c a l e Sheets Held At Durham 
These are the r e s u l t s o btained when the r e q u e s t 
'STATUS' i s i s s u e d to the d a t a study software; a l i s t i n g 
of the f i n d i n g s can be r e f e r r e d to i n p a r t b of Annex 3. 
S i n c e t h e r e a r e a t o t a l of 268 p l a n s a t 1:1250 s c a l e h e l d 
i n d i g i t a l form a t Durham, the f i g u r e s generated a r e l a r g e 
but n e v e r t h e l e s s the b a s i c t r e n d s r e f l e c t a s i m i l a r p i c t u r e 
to t h a t o u t l i n e d by the Durham sheet i n p a r t a of the 
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annexure. F e a t u r e code 30 has the g r e a t e s t frequency 
i n v o l v i n g some 505.751 p o i n t s and 361,016 l i n e segments, 
thus g i v i n g f u r t h e r evidence to the t y p i c a l n a t u r e of the 
Durham s h e e t . 
At t h i s stage, some 384,197 f e a t u r e s had been 
i n c l u d e d i n the 268 s h e e t s i n v o l v i n g the use of 5k m i l l i o n 
DMC r e c o r d s . I t should a l s o be pointed out t h a t 2,245 
f e a t u r e s had to be ignored s i n c e they had been coded as 
z e r o . T h i s was a wastage of 73,151 r e c o r d s ( o r i n e x c e s s 
of 585 k i l o b y t e s of s t o r a g e ) accounting f o r 30 f e e t of 
magnetic tape (packed 1600 b p i ) . 
On average, the mean d i s t a n c e f o r most l i n e segments 
i s of the order of 8 metres a t ground s c a l e (6mm a t 1:1250) 
although f e a t u r e code 47 ( e l e c t r i c i t y t r a n s m i s s i o n l i n e ) 
has a mean segment l e n g t h of 91m a t ground s c a l e which 
r e f l e c t s the l a r g e e x t e n t s of s t r a i g h t t r a n s m i s s i o n l i n e 
i n the country. 
An i n c o n s i s t e n c y was detected i n s e c t i o n one of the 
'status.' r e s u l t s . The s t a r t and end of f e a t u r e counts do 
not t a l l y . T h i s was t r a c e d to sheet SP 0588SW which has 
one f e a t u r e t h a t does not p o s s e s s an end of f e a t u r e code 
( - 5 ) . The consequences of such an occurrence a r e minimal 
s i n c e i t i s the s t a r t of f e a t u r e code (-4) which has a 
fundamental r o l e i n both the OS p l o t t i n g software and 
a l s o t h i s data study s o f t w a r e . 
( c ) S t r a t i f i c a t i o n 
P a r t c of annex 3 gives, the r e s u l t s of the s t a t i s t i c a l 
a n a l y s e s based on the s i x s t r a t a adopted i n the sample 
d e s i g n . S i n c e t h e s e data are d i v i d e d by the number of s h e e t s 
i n each stratum f o r comparison purposes, they a r e now 
measurements on'a r a t i o s c a l e . The map s h e e t s l o c a t e d i n 
the dense urban r e g i o n s tend to be much l a r g e r i n data 
content (eg Birmingham averages 25,377 r e c o r d s per s h e e t ) 
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than the l i g h t e r dense.regions (eg B i l l e r i c a y averages 
11,511 r e c o r d s per s h e e t ) . These f i g u r e s o b v i o u s l y r e f l e c t 
the more complex: topography s i n c e other counts too a r e 
c o r r e s p o n d i n g l y h i g h e r i n the h i g h d e n s i t y urban a r e a s . 
The Birmingham stratum has on average 1,932 f e a t u r e s per 
sheet whereas B i l l e r i c a y has a much lower f i g u r e of 773. 
The g e n e r a l t r e n d s stemming from the d e t a i l e d f e a t u r e 
breakdown remains the same with code 30 a c c o u n t i n g f o r the 
most s i z e a b l e p r o p o r t i o n of the l i n e w o r k . 
The Southampton r e g i o n , which i s cate.gorised as the 
dense urban / h i l l y stratumseems to account f o r a l a r g e 
number of the zero l e n g t h minimum l i n e segments d i s c u s s e d 
e a r l i e r . T h i s may p o s s i b l y r e f l e c t on the e a r l y development 
of the d i g i t a l mapping programme, DMA, i n v o l v i n g mapping 
f o r the Southampton a r e a . 
The ground t e r r a i n appears to have l i t t l e e f f e c t 
on the segment l e n g t h s c o n t r a r y to the expected. For example, 
code 21 which i s fundamentally important so f a r as" routeways 
a r e concerned ( c a r r i a g e w a y road pecks) have the same mean 
segment l e n g t h j.n both the Tamworth and C h e s t e r - l e - S t r e e t 
s t r a t a . Both of t h e s e s t r a t a have average d e n s i t y p o p u l a t i o n 
although one i s h i l l y w h i l s t the other i s f l a t . T h i s t r e n d 
v i r t u a l l y f o l l o w s f o r a l l l i n e f e a t u r e s , indeed the Tamworth 
and G h e s t e r - l e - S t r e e t ' s t r a t a a r e almost i d e n t i c a l i n a l l 
r e s p e c t s . They would probably d i f f e r most a t the 1:10000 
mapping s c a l e which i n c l u d e s h e i g h t i n f o r m a t i o n i n the 
form of contours. A v a s t i n c r e a s e i n the number of contours 
i s bound to a f f e c t the sheet s i z e i n d i g i t a l terms. / 
The i n f o r m a t i o n e n c l o s e d i n p a r t s a, b and c of 
Annex 3 i s immense and should prove u s e f u l to any i n t e r e s t e d 
p a r t i e s . I t i s d i f f i c u l t to comment on them e f f e c t i v e l y 
to s u i t a l l i n t e r e s t s s i n c e t h e s e w i l l v a r y from person 
to person. However, even a r a p i d g l a n c e over the computer 
generated t a b l e s can q u i c k l y a s s i s t i n g i v i n g the r e a d e r 
a g e n e r a l i m p r e s s i o n of the d i g i t a l d a t a . A more d e t a i l e d 
study enables an even g r e a t e r understanding of the database 
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c h a r a c t e r i s t i c s . These q u a n t i t a t i v e r e s u l t s could never 
have been p o s s i b l e with s i m i l a r o r d e r s of a c c u r a c y from 
the data i n t h e i r g r a p h i c form. 
1:2500 S c a l e 
( a ) I n d i v i d u a l Map Sheet A n a l y s i s 
The adopted s h e e t as one being t y p i c a l of a l l the 
1:2500 s c a l e p l a n s h e l d a t Durham was SU 6709, an a r e a 
near Southampton. These ..results r e f l e c t the much smaller-
s i z e of. the 1:2500 data. The sheet r e s u l t s , which can be 
r e f e r r e d to i n p a r t a of Annex 4, comprises 136 f e a t u r e s 
i n a l l (111 a r e of l i n e type and the remaining 25 a r e p o i n t s ) . 
The e n t i r e data a r e h e l d as 2,351 DMC r e c o r d s which i s 
only seven per cent of the t y p i c a l 1:1250 sheet f o r the 
Durham a r e a . 
On the whole, the d e t a i l e d f e a t u r e breakdown shows 
a s i m i l a r p i c t u r e to t h a t d e p i c t e d i n the 1:1250 r e s u l t s . 
There a r e l e s s f e a t u r e types w i t h i n the 1:2500 data 
although, i n g e n e r a l , the mean segment l e n g t h a t ground 
s c a l e i s of a s i m i l a r order. As i n the 1:1250 data, f e a t u r e 
code 30 i s w e l l r e p r e s e n t e d a c c o u n t i n g f o r n e a r l y 6 km 
of the 12km t o t a l l i n e l e n g t h f o r the sheet a t ground s c a l e . 
-This- r e f l e c t s the abundance of f e n c e s i n a r u r a l a r e a which — 
accounts f o r much of the l i n e w o r k of the l a r g e s c a l e p l a n s . 
The mean segment l e n g t h s , on the whole, a r e of the 
order of 5 - 8 metres a t ground s c a l e (2 - 3 mm a t p l o t 
s c a l e ) which i s f a i r l y a c c e p t a b l e f o r c a r t o g r a p h i c 
purposes. The l o n g e s t segment i n the e n t i r e sheet has a 
v a l u e o f 186.5 ground metres being used to r e p r e s e n t 
p a r t of a r i v e r ( f e a t u r e code 59 - bank of double r i v e r ) . 
The minimum segment d i s t a n c e appears to be 0.06 ground 
metres. 
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Th e skewneos and k u r t o s i s v a l u e s seem to have much 
more meaning i n the r u r a l a r e a s , with the much more 
n a t u r a l topography where s t r a i g h t l i n e f e a t u r e s a r e f a r 
l e s s e v i d e n t than i n an urban environment. 
(b) The E n t i r e 1:2500 S c a l e Sheets Held At Durham 
A t o t a l of 210 d i g i t a l p l a n s a r e h e l d on magnetic 
tape a t 1:2500 s c a l e . P a r t b of Annex 4 l o o k s a t the 
e n t i r e 1 :2500 data to d i s c o v e r t h a t although th.ere are 
fewer q u a n t i t i e s , a s i m i l a r t r e n d to t h a t d i s c o v e r e d f o r 
the 1:1250 i n f o r m a t i o n does e x i s t . F e a t u r e code 30 ( f e n c e , 
w a l l , e t c . - noii road) i s s t i l l widely used being the most 
fr e q u e n t of the 109 types of f e a t u r e a v a i l a b l e . The • 
generated l i n e d i s t a n c e f o r code 30 accounts f o r an e x c e s s 
of 2,230 km (ground s c a l e ) which i s f a r g r e a t e r p r o p o r t i o n 
- a l l y than i n the 1:1250 data. 
There a r e no i n d i c a t i o n s of zero minimum segment 
l e n g t h s i-n the 1:2500 data although a v a l u e of ©-.06m 
( a t ground s c a l e ) seems to be v e r y prominent. T h i s f i g u r e 
may r e f l e c t the minimum r e s o l u t i o n s t e p p o s s i b l e on the > 
F r e e s c a n d i g i t i s n g t a b l e s i n use a t Southampton, or i t 
could be a f u n c t i o n of the s o f t w a r e adopted by OS to 
generate f u r t h e r data p o i n t s when the o p e r a t o r s have 
underestimated the number r e q u i r e d to f i x a l i n e w ith 
s u f f i c i e n t a c c u r a c y . 
Of f u r t h e r i n t e r e s t w i t h t h i s s c a l e d a t a seems to 
be the i n c o m p a t i b i l i t y between the number of p o i n t s used 
to f i x the p o s i t i o n of t e x t s t r i n g s and the a s s o c i a t e d 
frequency of occur^enc^ of the t e x t f e a t u r e code ( 2 8 ) . 
I n the DMC format,, t e x t p o s i t i o n i s f i x e d by a s i n g l e 
p o i n t a t the lower l e f t hand c o r n e r of the f i r s t 
c h a r a c t e r i n the s t r i n g . Thus the number of p o i n t s and 
the frequency f o r code 28 should be equal although t h i s 
e q u a l i t y seems not to be p r e s e n t . According to the ' s t a t u s 
t a b l e , the 1:2500 data h e l d a t Durham p o s s e s s e s 11,114 
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t e x t f e a t u r e s although these only i n v o l v e 11,104 p o i n t s . 
I t would f o l l o w t h a t t h e r e must be ten i n s t a n c e s where a 
f e a t u r e i s coded f o r t e x t but cannot p o s s i b l y c o n t a i n 
any c h a r a c t e r s s i n c e no p o s i t i o n f o r the t e x t i s s u p p l i e d . 
A second i n c o n s i s t e n c y d i s c o v e r e d i n the 1:2500 data 
i s one t a k i n g a s i m i l a r f a s h i o n to t h a t o u t l i n e d f o r the 
1:1250 r e s u l t s . There were t h r e e occurrences d i s c o v e r e d 
where the end of f e a t u r e (-5) sequence codes have been 
excluded. The consequences of t h i s have a l r e a d y been 
d i s c u s s e d . 
The 210 s h e e t s h e l d a t 1:2500 s c a l e r e p r e s e n t s a 
ground a r e a of 210 square k i l o m e t r e s and w i t h i n t h i s a r e a , 
t h e r e a r e 5»571 km of l i n e f e a t u r e s a t t r u e s c a l e . Of t h i s 
number, one t h i r d i s c l a s s i f i e d by f e a t u r e code 30. There 
e x i s t s 65,024 f e a t u r e s i n these s h e e t s , 75 per cent of 
which are l i n e s w h i l s t the remainder a r e p o i n t symbols 
or t e x t s t r i n g s . The number of ignored codes is 
p r o p o r t i o n a t e l y lower than the 1:1250 data w i t h 446 f e a t u r e s 
coded as zero which accounts f o r j'n e x c e s s of 30,000 DMC 
r e c o r d s . There are 109 f e a t u r e codes a v a i l a b l e f o r the 
b a s i c s c a l e s d a t a . The 1:2500 s c a l e s h e e t s h e l d a t Durham 
make use of 73 of t h e s e c a t a g o r i e s which i s l e s 3 than the 
1:1250 i n f o r m a t i o n which i n c o r p o r a t e s 87 c a t a g o r i e s . 
The f o l l o w i n g f e a t u r e codes a r e not used i n any of 
the 1:1250 or 1:2500 d a t a h e l d a t Durham:. 
38 - Telephone C a l l Box (AA) 
40 - Telephone Post / P i l l a r (GPO) 
41 - Telephone Post / P i l l a r (AA) 
42 - Telephone Post / P i l l a r (RAC) 
43 - Telephone L i n e 
46 - A e r i a l Ropeway 
56 - A n t i q u i t y - D e t a i l 
63 - Bank of Moat 
73 - Perry 
74 - G e n e r a l i s e d C o a s t l i n e 
75 — Contour 
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77 - Boundary - London Borough 
87 - CL Motorway Roundabout 
105 - Rare F e a t u r e Code - s o l i d 
106 - Rare F e a t u r e Code - pecked 
107 - Rare F e a t u r e Code - symbol 
( c ) S t r a t i f i c a t i o n 
P a r t c of annex 4 shows the s t a t i s t i c a l -breakdown 
f o r the s i x s t r a t a i n the 1:2500 da t a . The f a c t o r s 
governing the c h o i c e of s t r a t a were kept as f a r as 
p o s s i b l e the same as those adopted f o r the 1:1250 da t a . 
I t i s , of course, d i f f i c u l t to f i n d 1:2500 mapping i n 
a r e a s of l a r g e urban d e n s i t y s i n c e i n t h e s e a r e a s the 
1:2500 s c a l e u s u a l l y g i v e s way to the more d e t a i l e d 
1:1250 p l a n s . However, West Sussex was c o n s i d e r e d to 
p o s s e s s f a i r l y h i g h d e n s i t y urban p r o p e r t i e s and t h i s 
f a c t o r r e f l e c t s i n the g r e a t e r f i l e s i z e s i n t h e s e a r e a s 
when compared w i t h Cornwall, f o r example, which must be 
looked upon as h a v i n g a f a i r l y l i g h t urban d e n s i t y . 
The stratum c l a s s i f i e d as 'Light. Dense Urban / 
Undulating ( C o r n w a l l ) ' a p p e a r s to have some anomaly s i n c e 
i t s s i z e f a r outwei-ghs the o t h e r s by as many as 5000 
r e c o r d s per s h e e t . However, t h i s c o u l d be accounted f o r 
by the much reduced maximum segment l e n g t h s detected i n 
the m a j o r i t y of the l i n e f e a t u r e s . T h i s w i l l produce a 
g r e a t e r number of d i g i t i s e d p o i n t s and hence the number 
of r e c o r d s r e q u i r e d must r i s e a c c o r d i n g l y . 
On the whole, however, t h e r e appear to be f a i r l y 
u n s u b s t a n t i a l d i f f e r e n c e s between the s t r a t a w i t h perhaps 
the o c c a s i o n a l anomaly or extreme c a s e . On average most 
s h e e t s seem to have the order of 200 - 300 f e a t u r e s which 
e n t a i l s a t o t a l l i n e d i s t a n c e of around 12 metres a t p l o t 
s c a l e . These f i g u r e s being much l e s s than those f o r the 
1:1250 data which have the order of 2000 f e a t u r e s per 
sheet and a t o t a l l i n e d i s t a n c e of c i r c a 35m a t p l o t s c a l e . 
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Comparlson Of The D i g i t a l Sheets At 1:1250 And 1:2500 
Evidence has a l r e a d y been s u p p l i e d to suggest t h a t 
i n a l l c i r c u m s t a n c e s the 1:2500 s h e e t s a r e much s m a l l e r 
(by a f a c t o r of 4 or 5 times) than the 1:1250 s h e e t s . 
T h i s d i f f e r e n c e must be a d i r e c t r e f l e c t i o n on the g r e a t 
abundance of i n f o r m a t i o n which the l a t t e r s c a l e p o s s e s s e s . 
T h i s g r e a t v a r i a t i o n i n s i z e r e f l e c t s on a l l forms of 
computer m a n i p u l a t i o n . The 1:1250 p l a n s r e q u i r e g r e a t e r 
s t o r a g e a r e a s ( c i r c a 16 f e e t of magnetic tape f o r a sheet 
of 25,000 DMC r e c o r d s packed a t 1600 bpi phase encoded on 
a 9 t r a c k tape d r i v e ) . T h i s i n c r e a s e i n the storage a r e a 
produces slower p r o c e s s time per sheet and a corresponding 
slower p l o t t i n g time s i n c e t h e r e i s more i n f o r m a t i o n 
i n v o l v e d . 
There appears to be no s u b s t a n t i a l d i f f e r e n c e s i n 
the l i n e segment d i s t a n c e s between the two s c a l e s . The 
s o f t w a r e p r e s e n t s t h i s i n f o r m a t i o n at ground s c a l e to a i d 
comparison and although the t o t a l l i n e l e n g t h s do d i f f e r 
q u i t e c o n s i d e r a b l y , the mean segment d i s t a n c e s seem to 
t a l l y ( o f , t h e order of 5 - 7 metres a t ground s c a l e f o r 
most l i n e f e a t u r e s ) . 
Although t h e r e a r e fewer f e a t u r e s i n a 1:2500 sheet, 
t h e r e i s evidence to suggest t h a t they r e q u i r e more DMC 
r e c o r d s p r o p o r t i o n a t e l y than a r e r e q u i r e d to s t o r e 
f e a t u r e s of a s i m i l a r n a t u r e a t 1:1250 s c a l e . T h i s w i l l 
no doubt stem from the reduced maximum segment l e n g t h , 
the v a s t extents of r u r a l l i n e w o r k and the d i f f e r i n g 
c h a r a c t e r i s t i c s of a r u r a l a r e a when compared with an 
urban r e g i o n . 
Best comparisons between the two s c a l e s could be 
made i n an a r e a where.there i s coverage a t both s c a l e s . 
T h i s type of a r e a i s s c a r c e i n the UK; the s c a l e f o r 
b a s i c mapping as o u t l i n e d by H a r l e y (1975) depends on 
the population f i g u r e s i t p o s s e s s e s . Within the d i g i t a l 
s h e e t s h e l d a t Durham, t h e r e i s only one a r e a with 
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map coverage a t both s c a l e s - an a r e a i n southern England 
r e p r e s e n t e d by SU 6709 a t 1:2500 s c a l e and SU 6709SE and 
SU 6709 NE a t 1:1250 s c a l e . There i s not complete o v e r l a p 
t h e r e f o r e , although the e a s t e r n two quadrants have coverage 
a t both s c a l e s . 
Annex 5 shows the r e s u l t s of t h i s m u l t i s c a l e 
coverage. The output has been t r e a t e d as a ' s t r a t i f i c a t i o n ' 
run by the program to allow easy comparisons. Even though 
the 1:2500 sheet r e p r e s e n t s a l a r g e r ground a r e a than 
does the two 1:1250 quadrants, i t can be seen how the 
s m a l l e r s c a l e r e p r e s e n t a t i o n has been g e n e r a l i s e d s i n c e 
i t only i n v o l v e s 21 f e a t u r e types whereas the l a r g e s c a l e 
coverage i n v o l v e s t h i r t y . F e a t u r e code 30 seems to be very 
t y p i c a l i n most s h e e t s and t h i s comparison e x e r c i s e shows 
q u i t e c o n c l u s i v e l y how t h e r e a r e p r o p o r t i o n a t e l y more 
p o i n t s (and hence more l i n e segments) i n a s i n g l e 1:1250 
quadrant then/there a r e i n the e q u i v a l e n t 1km x 1km 
1:2500 coverage f o r the a r e a . 
The number of t e x t c h a r a c t e r s i n c l u d e d i's g r e a t e r 
i n the l a r g e r s c a l e data w i t h some 522 c h a r a c t e r s per 
quadrant as opposed to 125 f o r the whole of the 1:2500 
e x t r a c t . 
On the whole, t h e r e f o r e , t h e s e s t a t i s t i c a l r e s u l t s 
g i v e q u a n t i t a t i v e evidence to many f a c t s which could be 
looked upon as merely assumptions before the d i g i t a l e r a 
began. I n c o n c l u s i o n , the 1:1250 coverage has more d e t a i l 
and i n v o l v e s more c o s t s i n terms of computer a c c e s s time 
and s t o r a g e whereas the 1 :2500 data are-much more 
g e n e r a l i s e d f o r any a s s o c i a t e d c a r t o g r a p h i c i m p l i c a t i o n s . 
Even though t h e r e a r e these fundamental d i f f e r e n c e s i n 
the b a s i c s c a l e s , t h e i r c h a r a c t e r i s t i c s tend to be very 
s i m i l a r . There i s no evidence i n the d a t a h e l d a t Durham 
to suggest t h a t the a c c u r a c y a t ground s c a l e i s any b e t t e r -
f o r e i t h e r s c a l e ; indeed r e s u l t s tend to i n d i c a t e t h a t 
each segment of a l i n e f e a t u r e ( i . e . the ground d i s t a n c e 
between two d i g i t i s e d p o i n t s ) i s m a n i f e s t l y the same at 
both s c a l e s . 
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Assessment Of The R e s u l t s And P r o j e c t i o n Of The F i g u r e s 
For The E n t i r e Databank On I t s Completion 
S i n c e the data sample h e l d by Durham was s u b d i v i d e d 
i n t o s i x s t r a t a , the breakdown of which i s o u t l i n e d i n 
Appendix E, then these s u b d i v i s i o n s could be used f o r a 
more a c c u r a t e p r o j e c t i o n of r e s u l t s f o r the country as a 
whole. 
There appears to be no evidence i n the r e s u l t s so 
f a r d i s c u s s e d to i n d i c a t e t h a t the n a t u r e of the t e r r a i n 
has any i n f l u e n c e on the d i g i t a l c h a r a c t e r i s t i c s of the 
i n f o r m a t i o n . Consequently, only p o p u l a t i o n s i z e w i t h i n 
each s t r a t a was used as a governing f a c t o r f o r the 
p r o j e c t i o n . The sample was grouped to g e t h e r i n t o t h r e e 
s t r a t a based on l i g h t , average and dense urban a r e a s . I n 
a s i m i l a r manner, the country as a whole r e q u i r e d to be 
s u b d i v i d e d i n t o a r e a s of s i m i l a r category i n order t h a t 
an assessment could be made on the number of s h e e t s 
l o c a t e d w i t h i n each stratum. I t i s of paramount importance 
to ensure t h a t t h i s s u b d i v i s i o n of the country was as 
a c c u r a t e as p o s s i b l e although the t a s k i t s e l f was to be 
extremely problempratic. 
The e x e r c i s e was. accomplished by c o o r d i n a t i n g the 
OS sample with the 1971 UK Census data f o r 1km g r i d square 
u n i t s s u p p l i e d to the Census Re s e a r c h U n i t of the U n i v e r s i t y 
by OPCS ( O f f i c e of P o p u l a t i o n Censuses and S u r v e y s ) . 
H a r l e y (1975) d i s c u s s e s the f l e x i b l e r u l e s governing the 
b a s i c . s c a l e a t which an a r e a i s to be mapped and a p p l y i n g 
t h e s e as a rough guide l i n e , the. country could be sub-
d i v i d e d i n t o s i x s t r a t a ( t h r e e a t 1:1250 and t h r e e a t 
1:2500) whereby the number of s h e e t s i n each could be 
o b t a i n e d by a g r a p h i c a l approach. 
Appendix F shows the r e s u l t s of a computer program 
w r i t t e n to p l o t a graph of P o p u l a t i o n v e r s u s Cumulative 
b a s i c g r i d square f o r the e n t i r e country. A l o g a r i t h m i c 
y s c a l e was adopted to producp a more s u i t a b l e curve f o r 
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e x t r a p o l a t i o n . I n order to speed up the CPU time r e q u i r e d , 
only 1km g r i d squares with 25 people or over were 
i n c l u d e d as i t was assumed t h a t other a r e a s would be mapped 
with a b a s i c s c a l e of 1:10000 and 1:2500. 
The p o p u l a t i o n v a l u e s f o r the g r i d squares i n which 
Durham has OS d i g i t a l coverage were r e t r i e v e d from the 
CRU databank. A s c a t l j e r p l o t was i n c l u d e d on the graph to 
produce a f a i r l y s u b s t a n t i a l breakdown of the sample i n t o 
the s i x s t r a t a r e q u i r e d . R e s u l t s showed t h a t the f l e x i b l e 
r u l e s d i s c u s s e d by H a r l e y (1975) f o r which b a s i c s c a l e to 
adopt i n an a r e a had been c l o s e l y adhered to by Ordnance 
Survey. 
Having obtained a s t r a t i f i c a t i o n f o r the country to 
match those c l a s s i f i c a t i o n s adopted i n the sample, i t was 
then a f a i r l y t r i v i a l t a s k to p r o j e c t f i g u r e s f o r approx. 
how many s h e e t s from the country as a whole would e x i s t 
i n each of the s i x s t r a t a . The r e s u l t s were governed by 
two c o n s t r a i n t s : the number of s h e e t s i n the e n t i r e l a r g e 
s c a l e s e r i e s and the numbers i n both the 1:1250 and 1:2500 
s e r i e s . 
Table 4.2 below shows the e s t i m a t e d number of 
s h e e t s e x i s t i n g i n each stratum f o r the e n t i r e country. 
A l s o given a r e the e s t i m a t e d mean po p u l a t i o n v a l u e s per 
s h e e t . 
T a b l e 4.2 - P r o j e c t e d S t r a t i f i c a t i o n Breakdown For The 
Country 
1:1250 S c a l e L i g h t Average Dense T o t a l 
No. of s h e e t s 20708 






1:2500 S c a l e 
No. of s h e e t s 89202 






Having determined the expected number of s h e e t s i n 
each stratum, the sample s t a t i s t i c s were then p r o j e c t e d 
to t h e i r e q u i v a l e n t v a l u e s f o r the e n t i r e country. P r i m a r i l y , 
p r o j e c t i o n s were made on the s t r a t i f i c a t i o n b a s i s and then 
t h e s e were grouped together to produce a s i n g l e s e t of 
e s t i m a t e r e s u l t s f o r the whole database on i t s completion. 
These r e s u l t s can be r e f e r r e d to i n Appendix G. 
Assessment Of The P r o j e c t e d R e s u l t s 
Any p r o j e c t e d f i g u r e s a t such an e a r l y stage of data 
a v a i l a b i l i t y must be c o n s i d e r e d w i t h c a u t i o n s The 
i n t r o d u c t o r y t e x t of t h i s t h e s i s has attempted to suggest 
t h a t t h e s e r e s u l t s provide an e x p l o r a t o r y t o o l only f o r 
any subsequent, more d e t a i l e d , s t u d i e s . 
The p r o j e c t e d f i g u r e s as o u t l i n e d i n Appendix G can 
be no b e t t e r than the s i z e and s t r u c t u r e of the b a s i c 
sample. However, attempts have be.en made to keep the 
approach to as high a st a n d a r d as i s p o s s i b l e given the 
u n d e r l y i n g c o n s t r a i n t s of data a v a i l a b i l i t y , p r e v i o u s 
r e s e a r c h of a s i m i l a r n a ture and time. 
The r e s u l t s suggest t h a t the e n t i r e data s t r u c t u r e 
(1:1250 and 1:2500) w i l l r e q u i r e of the order of 18,000 
megabytes of stor a g e or 581 magnetic tapes ( s t o r e d i n 
DMC as e f f i c i e n t l y as p o s s i b l e - 1600 b p i t 2400 f e e t , 9 
t r a c k ) . I t i s expected t h a t t h e r e w i l l be i n e x c e s s of 
47 x 10 c o o r d i n a t e p a i r s i n the e n t i r e databank. 
The f i g u r e s i n c l u d e d i n Appendix G are very l a r g e 
as should be.expected. Also s u p p l i e d , w i t h some r e l u c t a n c e , 
a r e margins of e r r o r f o r the esti m a t e d v a l u e s . These margins 
of e r r o r are given f o r the 95 per cent confidence l i m i t s 
although they should be used w i t h c a r e s i n c e the moment 
s t a t i s t i c s suggest t h a t i n many i n s t a n c e s , the d i s t r i b u t i o n s 
a r e not near normal. These margins a r e of a s i m i l a r high 
order which suggests t h a t c a u t i o n should be p l a c e d on any 
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of the p r o j e c t e d f i g u r e s . E a r l i e r r e s u l t s have a l r e a d y 
shown t h a t the segment l e n g t h d i s t r i b u t i o n s are not 
G o a s s i a n i n n a t u r e and hence any c o n f i d e n c e l i m i t s 
i n c l u d e d should c a r r y l i t t l e importance. However the 
a b s o l u t e counts have a f a i r l y high order o f ' n o r m a l i t y 
and i n t h i s way moment s t a t i s t i c s suggest t h a t the 
c o n f i d e n c e l i m i t s have more meaning. 
The i n f o r m a t i o n g i v e n f o r the mean, maximum and 
minimum segment d i s t a n c e s • c a n n o t be p r o j e c t e d and can 
only be suggested on the b a s i s of the f i g u r e s o b t a i n e d 
from the sample. 
i 
There a r e s e v e r a l i n s t a n c e s where s p e c i f i c f e a t u r e 
types a r e not i n c l u d e d i n the r e s u l t s . T h i s s i t u a t i o n 
a r i s e s as a r e s u l t of t h e i r absence from the sample data. 
Consequently no p r o j e c t i o n s can be g i v e n f o r these f e a t u r e 
codes i n the completed databank, although t h e i r e x i s t e n c e 
i s more than l i k e l y to be e v i d e n t . 
The 1:2500 data w i l l r e q u i r e more sto r a g e and 
computer p r o c e s s i n g time than w i l l the 1:1250 data. T h i s 
s i t u a t i o n a r i s e s because t h e r e i s an e x c e s s of 111,000 
more 1:2500 s h e e t s than t h e r e a r e 1:1250 s h e e t s . 
Consequently the t o t a l number of l i n e s , p o i n t s , e t c . , a r e 
c o r r e s p o n d i n g l y h i g h e r i n the 1:2500 s e c t i o n of the 
databank. I t i s i n t e r e s t i n g to n o t i c e , however, t h a t 
p r o j e c t i o n s suggest t h a t the 1:1250 s e c t i o n w i l l have 
of the order of 20 x 10^ more f e a t u r e s than havethe 
1 :2500 da t a . 
F i n a l l y , p r o j e c t e d t r e n d s suggest t h a t some 37 x 10^ 
ignored DMC r e c o r d s w i l l e x i s t which i s e q u i v a l e n t to 
ten computer compatible t a p e s . I t would f o l l o w t h a t g r e a t 
emphasis should be p l a c e d on attempts to ensure t h a t 
t h e s e minor i n c o n s i s t e n c i e s a r e kept to a minimum. 
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Chapter F i v e 
The F e a s i b i l i t y Of A 1;500Q0 D i g i t a l Topographic Database 
I t was i n the p e r i o d between 1974 and 1976 when the 
seventh s e r i e s of the one i n c h to the mil." s h e e t s were 
r e p l a c e d by the m e t r i c 1:50000 s c a l e s e r i e s . ( H a r l e y 1975). 
Each g r a p h i c w i t h i n the 800mm x 800mm neat l i n e s 
r e p r e s e n t s a ground a r e a of 40km x 40km. There a r e some 
204 of the new s h e e t s p r o v i d i n g complete coverage of the 
UK. T h i s i s an i n c r e a s e of f i f t e e n s h e e t s over the 
p r e c e d i n g 1:63360 s e r i e s . The use of s i x c o l o u r s i n the 
g r a p h i c s i s perhaps the most immediate noticeable d i f f e r e n c e 
over the b a s i c s c a l e s d a t a although, of course, a t such a 
reduced s c a l e the p r o c e s s of i n f o r m a t i o n g e n e r a l i s a t i o n 
has the most fundamental i m p l i c a t i o n s from a topographic 
database p o i n t of view. 
The b a s i c s c a l e s i n f o r m a t i o n a t 1:1250 and 1:2500 
i s used q u i t e s u c c e s s f u l l y by Ordnance Survey f o r the 
de r i v e d mapping s e r i e s of 1:10000 s c a l e (when t h i s i t s e l f 
i s not the b a s i c s c a l e ) and a t 1:25000 s c a l e ( S e a r l e and 
Waters 1979). Such an .approach r e q u i r e s a c e r t a i n l e v e l 
of i n f o r m a t i o n s e l e c t i o n but c e r t a i n l y e l e g a n t r e s u l t s 
can be produced a t both d e r i v e d s c a l e s as S e a r l e and 
Waters (1979) show, u s i n g the b a s i c s c a l e s i n f o r m a t i o n 
as the source data. I n the production environment-at GS-, 
the F e r r a n t i Master p l o t t e r s a r e producing h i g h l y d e t a i l e d 
p l o t s w i t h extreme a c c u r a c y which was oft e n not p o s s i b l e 
by manual draughting t e c h n i q u e s . 
The design of the 1:50000 s e r i e s i n v o l v e s f a r more 
c a r t o g r a p h i c g e n e r a l i s a t i o n than i s r e q u i r e d f o r l a r g e 
s c a l e mapping and i n v o l v e s the use of symbology f a r more 
f o r p o i n t and l i n e a r r e p r e s e n t a t i o n s . H a r l e y (1975) p o i n t s 
out t h a t the ch o i c e of symbols was based on the r e s u l t s 
of map p e r c e p t i o n s t u d i e s undertaken i n the e a r l y s e v e n t i e s . 
I n a d d i t i o n , t h i s s e r i e s i n c l u d e s h e i g h t i n f o r m a t i o n tin 
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th e form of p o i n t a l t i t u d e s and c o n t o u r s . The contour 
i n t e r v a l on s h e e t s i n the second s e r i e s i s 15.24m - based 
on the t r a d i t i o n a l 50 f e e t C . I . of the one i n c h s e r i e s . 
D r e w i t t (1973) p o i n t s out t h a t market r e s e a r c h 
undertaken by OS has ' suggested t h a t the l a r g e s t s i n g l e 
group of u s e r s f o r 1 -.50000 i n f o r m a t i o n i s l i k e l y to be 
m o t o r i s t s . As a consequence of t h i s , g r e a t emphasis has 
been given i n t h i s mapping s e r i e s to the d e p i c t i o n of 
routeways and communication l i n k s . The g r e a t s i g n i f i c a n c e 
given to t h i s type of i n f o r m a t i o n , t o g e t h e r with boundaries 
and water f e a t u r e s h,as tended to produce maps compri s i n g 
of many l i n e a r r e p r e s e n t a t i o n s . These f a c t o r s have d i r e c t 
and important i m p l i c a t i o n s on the c o n v e r s i o n of a 1:50000 
sheet i n t o i t s d i g i t a l e q u i v a l e n t . 
I t has been d i s c u s s e d elsewhere (Thompson 1978) how 
v a r i o u s a g e n c i e s have become a c t i v e l y i n v o l v e d i n the 
production of p i l o t d i g i t a l mapping schemes f o r 1:50000 
s c a l e s or s m a l l e r . Ordnance Survey themselves have r e c e n t l y 
commenced f e a s i b i l i t y s t u d i e s i n t o the p o s s i b i l i t i e s . The 
i m p l i c a t i o n s of such a s e r v i c e a r e widespread and may be 
b e t t e r s u i t e d to some a p p l i c a t i o n s which a r e at p r e s e n t 
u t i l i s i n g the l a r g e s c a l e s . S t u d i e s a s s o c i a t e d with l a n d 
use, ecology, t r a n s p o r t networks and geology immediately 
s p r i n g to mind. 
The p r e l i m i n a r y t e s t s c a r r i e d out i n house a t 
Southampton has i n v o l v e d a study of sheet 202 (Torbay and 
South Dartmoor). These t e s t s have e n t a i l e d s i m i l a r d i g i t i s i n g 
and e d i t phases as undertaken i n the l a r g e s c a l e production 
f l o w l i n e . At the e a r l y stage of t h i s M.Sc. p r o j e c t , t h r e e 
b a s i c 1:50000 f e a t u r e types had s u c c e s s f u l l y completed 
each phase. These d a t a were r e p r e s e n t a t i o n s of water 
f e a t u r e s , the c e n t r e l i n e s of roads and boundary i n f o r m a t i o n . 
Together w i t h the sample of the l a r g e s c a l e data, a 
magnetic tape was s u p p l i e d to Durham p r o v i d i n g a copy of 
t h e s e s m a l l s c a l e data. S i n c e t h i s i n f o r m a t i o n was w r i t t e n 
i n the DMC customer format, a s i m i l a r s t a t i s t i c a l a n a l y s i s 
could be c a r r i e d out . 
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I t has been the p o l i c y of OS, during t h i s f e a s i b i l i t y 
i n v e s t i g a t i o n , to s e p a r a t e each f e a t u r e type i n t o i t s own 
i n d i v i d u a l f i l e , thereby t r e a t i n g each type of f e a t u r e 
as a s e p a r a t e s h e e t . Concatenation of f e a t u r e s w i t h i n the 
D09 p l o t t i n g program i s s t i l l p o s s i b l e , of course, i n the 
u s u a l way. 
The water f e a t u r e s i n f o r m a t i o n which i n c l u d e s such 
f e a t u r e s as r i v e r s , streams, c a n a l s , HWM, swamp, drainage 
a r e a boundaries, e t c . , was d i g i t i s e d a t 1:55000 s c a l e and 
then d i g i t a l l y e n l a r g e d to c o r r e c t s c a l e . As r e s u l t s show, 
the sheer magnitude of t h i s i n f o r m a t i o n i n i t s d i g i t a l 
format i s a major disadvantage. As a consequence, the 
roads and boundary data were s e p a r a t e d i n t o quadrants 
and thus t r e a t e d as e i g h t s e p a r a t e map s h e e t s ( f o u r f o r 
each f e a t u r e ) . These data were d i g i t i s e d a t 1:30000 and 
d i g i t a l l y reduced to c o r r e c t s c a l e . 
S t a t i s t i c a l A n a l y s i s Of The 1:50000 D i g i t a l Data 
The r e s u l t s of the s t a t i s t i c a l a n a l y s e s of the 1:50000 
d i g i t a l data h e l d a t Durham can be r e f e r r e d to i n Annex 6. 
The v a s t number of p o i n t s r e q u i r e d to d i g i t a l l y s t o r e the 
water i n f o r m a t i o n f o r sheet 202, which i s e s s e n t i a l l y a 
s e r i e s of l i n e a r r e p r e s e n t a t i o n s , becomes q u i c k l y e v i d e n t . 
I n e x c e s s of 85,500 x and y c o o r d i n a t e s a r e r e q u i r e d to 
" d i g i " t a l l y " r e p r e s e n t " these" dataT"This" vast"number of 
c o o r d i n a t e p a i r s r e f l e c t s i n the number of DMC r e c o r d s 
r e q u i r e d i n t o t a l w i t h over 108,000 being i n v o l v e d i n the 
s t o r a g e of the water i n f o r m a t i o n a l o n e . Although t h e r e a r e 
probably no more than 1|500 l i n e a r f e a t u r e s w i t h i n the 
water data, there a r e i n f a c t some 82,244 l i n e segments 
i n v o l v e d f o r the a c c u r a t e r e g e n e r a t i o n of t h e s e f e a t u r e s . 
On average, the mean ground d i s t a n c e d e l i n e a t e d by t h e s e 
segments seems to be of the order of 8 - 9 metres (0.17mm 
a t p l o t t i n g s c a l e ) . T h i s i s o b v i o u s l y h i g h l y a c c u r a t e given 
t h a t the i n f o r m a t i o n has been a c q u i r e d by manual d i g i t i s i n g 
t e c h n i q u e s . 
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An anomaly was detected f o r f e a t u r e code 201 (HWM -
estuary mouth) . This f e a t u r e boasts a mean segment l e n g t h 
o f 841 metres a t ground scale. The f e a t u r e , which has a 
frequency o f occurrence only f o u r , appears on the gra p h i c 
as a s e r i e s o f f o u r s t r a i g h t l i n e s c r o s s i n g the Kingsbridge 
estuary near Salcombe, South Devon. This i n f o r m a t i o n , 
t o g e t h e r w i t h others such as the p o i n t p o s i t i o n o f water 
sources and mouths, was i n c l u d e d i n the 1:50000 data f i l e s 
f o r t h e . b e n e f i t o f the water development u n i t . 
There i s evidence from the s t a t i s t i c a l analyses t o 
suggest t h a t the 1:50000 data have se v e r a l zero l e n g t h 
minimum l i n e segment distances as was also detected i n 
the 1:1250 data. The reasons f o r the presence o f t h i s 
i n c o n s i s t e n c y ( o r i n e f f i c i e n c y ) i n the data have already 
been discussed. No doubt the reasons f o r i t s presence here 
are based on s i m i l a r a r g u m e n t s . 
As was to be expected, the t o t a l ground d i s t a n c e 
represented by a l l the l i n e a r f e a t u r e s i s f a i r l y l a r g e . 
The program has r e p o r t e d a t o t a l l i n e d i s t a n c e a t ground 
scale i n excess of 800km (1,600cm a t 1:50000) f o r the 
water f e a t u r e s alone. Of t h i s t o t a l d i s t a n c e , some 
327,92? ground metres are c l a s s i f i e d . a s s i n g l e streams 
( f e a t u r e code 64 ) . This type o f i n f o r m a t i o n could never 
have been acquir e d w i t h s i m i l a r accuracies by c o n v e n t i o n a l 
means. The i n t r o d u c t i o n of d i g i t a l mapping techniques has 
enabled q u a n t i t a t i v e approaches t o be p o s s i b l e i n so many 
f i e l d s w i t h o b t a i n a b l e accuracies o f which one can be 
c e r t a i n . 
The skew and k u r t o s i s values tend to be very l a r g e 
and u n p r e d i c t a b l e i n both the small and l a r g e scale data 
s e t s . This i s probably t o be expected i n the l a r g e scale 
i n f o r m a t i o n since the m a j o r i t y o f l i n e segments bear 
l i t t l e r e l a t i o n s h i p t o each other. I n an urban environment 
th e r e i s l i t t l e evidence o f many curved f e a t u r e s r e q u i r i n g 
a s e r i e s o f s h o r t l e n g t h connected l'ine segments f o r t h e i r 
r e p r e s e n t a t i o n . On the whole the topography c o n s i s t s of 
many lon g e r l e n g t h l i n e segments which are u n c o r r e l a t e d . 
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However, w i t h the small scale data, e s p e c i a l l y w i t h i n 
f e a t u r e s such as r i v e r s , c o a s t l i n e s and boundaries, the 
existence o f l o n g s t r a i g h t l i n e s i s not t o be expected. 
This h y p o t h e s i s i s given f u r t h e r evidence w i t h t h e . s h o r t 
maximum segment l e n g t h s which have been detected. Since 
the skew and k u r t o s i s s t a t i s t i c s are not zero or near t o 
zero, t h i s suggests t h a t the d i s t r i b u t i o n o f the l i n e 
segment l e n g t h s i s not Gaussian ( n o r m a l ) . Q u a n t i t a t i v e 
geographers such as J. B. Kr u s k a l , J. W. Tukey, I . S. Evans 
and others have maintained t h a t t o re-express ( t r a n s f o r m ) 
the o r i g i n a l data i s t r i v i a l , e s p e c i a l l y by computer. By 
making the d i s t r i b u t i o n nearer t o n o r m a l i t y , i t becomes 
p o s s i b l e t o use the b e n e f i t s o f parametric s t a t i s t i c a l 
techniques. 
There i s evidence, from the l a r g e p o s i t i v e skew and 
k u r t o s i s v a l u e s , t o suggest t h a t the d i s t r i b u t i o n has a 
s t r o n g p o s i t i v e skew. A t r i v i a l t r a n s f o r m a t i o n experiment 
i n v o l v i n g t a k i n g the l o g a r i t h m s (base 10) o f each l i n e 
segment produced the desi r e d e f f e c t s i n making the 
d i s t r i b u t i o n s nearer t o n o r m a l i t y . I n c l u d e d i n Annex 6 
p a r t c are the obtained measures f o r skew and k u r t o s i s 
a f t e r the t r a n s f o r m a t i o n s . Since they are nearer to zero, 
then i t i s p o s s i b l e t o conclude t h a t the segment d i s t r i b u t i o n s 
i n t h e i r untransformed s t a t e have a s t r o n g p o s i t i v e skew. 
On the whole, however, the segment l e n g t h s are small w i t h 
few l a r g e r anomalies. Thus i t has been p o s s i b l e to g i v e 
q u a n t i t a t i v e evidence f o r the c h a r a c t e r i s t i c s which are 
— 9 
t o have been expected i n the f i r s t place . 
The boundary and centre l i n e s o f roads i n f o r m a t i o n 
appears t o have very S i m i l a r c h a r a c t e r i s t i c s although these 
f i l e s have small e r absolute counts since they are d i v i d e d 
i n t o quadrants. The q u a l i t y o f the i n f o r m a t i o n i s s i m i l a r 
to the f i g u r e s d e r i v e d f o r the water f e a t u r e s . 
A f t e r d i g i t a l l y concatenating the f o u r quadrants 
t o g e t h e r , the f o l l o w i n g counts were obtained. Some 42651 
data p o i n t s i n v o l v i n g 61,757 DMC records were r e q u i r e d 
f o r t he road data and 22511 data p o i n t s i n v o l v i n g 26,431 
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DMC records were r e q u i r e d f o r the boundary data. The mean 
segment l e n g t h s appear t o be l a r g e r on the whole than the 
f i g u r e s obtained f o r the water data, w i t h an average ground 
d i s t a n c e of 50m (1mm a t 1:50000). The skewness and k u r t o s i s 
measures suggest near n o r m a l i t y even bef o r e t r a n s f o r m a t i o n , 
a l t h o u g h one based on l o g a r i t h m s does improve the 
s i t u a t i o n even f u r t h e r . 
The r e s u l t s r e p o r t some 1,530km o f roadways on sheet 202, 
the bulk of which i s c l a s s i f i e d by code 97 (minor s i n g l e 
carriageway l e s s than 4m). There are approximately 2,700 
f e a t u r e s i n c l u d e d i n the roads data f o r the e n t i r e sheet. 
The boundary i n f o r m a t i o n comprises of over 22,000 l i n e 
segments, 500 f e a t u r e s and a t o t a l ground d i s t a n c e o f 
717km (14.3m a t 1:50000). One can be sure t h a t t h i s i n f o r m a t i o n 
i s c o r r e c t although the accuracy and c h a r a c t e r i s t i c s o f 
the data themselves remain t o t a l l y i n the c o n t r o l o f the 
d i g i t i s i n g o p e r a t o r s . 
I n c o n c l u s i o n , there i s evidence t o suggest t h a t the 
c h a r a c t e r i s t i c s o f the small scale data do d i f f e r from 
those o f the l a r g e r s c a l e . N a t u r a l l y , the 1:50000 data 
a c q u i s i t i o n i s s t i l l i n i t s e a r l y stages although even 
now t h e r e i s evidence t o suggest t h a t the storage requirements 
and processing time i n v o l v e d w i l l be q u i t e s u b s t a n t i a l . 
As a rough guide, the t h r e e c a t e g o r i e s o f 1:50000 i n f o r m a t i o n 
h e l d a t Durham r e q u i r e s o f the order o f 130 f e e t o f 
magnetic tape (9 t r a c k , 1600 b p i , phase encoded, DMC) and 
a computer ""CPU time i n iexcess of 100 seconds p u r e l y f o r 
I/O. I t should be kept i n mind i n a d d i t i o n to these f i g u r e s , 
t h a t a 1:50000 sheet c o n t a i n s many more -than t h r e e 
c a t e g o r i e s o f f e a t u r e . Some of these w i l l be very l a r g e 
consumers o f backing s t o r e . Contour data are a t y p i c a l 
example. Since t h e r e are 204 sheets i n the e n t i r e s e r i e s , 
then these f i g u r e s w i l l s w e l l t o alarming p r o p o r t i o n s . 
I 
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The B e n e f i t s Of A Scale Independent Database 
Although the N a t i o n a l Mapping Agency i s c u r r e n t l y 
i n v o l v e d i n i n v e s t i g a t i o n s l e a d i n g t o a ' s t r u c t u r e d ' 
Land I n f o r m a t i o n System, much o f the p r e c e d i n g developments 
have been based on the c a r t o g r a p h i c a p p l i c a t i o n s o f the 
topographic data. The i n v e s t i g a t i o n s i n t o the p r o d u c t i o n 
o f a d i g i t a l databank f o r 1:50000 i n f o r m a t i o n i s an 
e x t e n s i o n of the c a r t o g r a p h i c c r i t e r i a . Present OS p o l i c y 
r e g a r d i n g the 1:50000 database, although o f course 
development i s s t i l l a t a p r e l i m i n a r y stage, i s t o keep 
the l a r g e scale and small scale data sets independent. 
P o s s i b l e l i n k s could be developed i n the l o n g term f u t u r e 
should they be r e q u i r e d . 
Many could argue t h a t t h i s p o l i c y i s somewhat 
r e s t r i c t i v e and unnecessary. Indeed some c r i t i c s suggest 
t h e r e to be no u s e f u l requirement f o r 1:50000 data a t a l l . 
The concept of topographic data scale suggests the over 
emphasis and importance being placed on any c a r t o g r a p h i c 
i m p l i c a t i o n s which may e x i s t . The n o t i o n t h a t a scale f r e e 
Land I n f o r m a t i o n System would be the i d e a l s o l u t i o n i s 
h e l d by many i n t e r e s t e d p a r t i e s . The United Kingdom i s 
f o r t u n a t e i n being one o f the best mapped areas o f the 
w o r l d w i t h the l a r g e s t scale p r o v i d i n g complete ground 
coverage being 1:10000. I n order t o ensure data homogeneity 
i n terms of accuracy, 1:10000 would have t o be the scale 
f o r the database. However, since many r e g i o n s o f the 
country are mapped a t l a r g e r scales, then the i n a b i l i t y 
t o i n c l u d e t h i s i n f o r m a t i o n i n t o the system would be 
a major disadvantage. 
The c a r t o g r a p h i c i m p l i c a t i o n s should not be completely 
n e g l e c t e d i n the concept of a scale f r e e database. The 
basic scales 1:1250 and 1:2500 i n f o r m a t i o n have a h i g h e r 
order o f accuracy than 1:50000, say, and i s more 
advantageous f o r computer storage. D i g i t a l techniques 
could then enable the a p p r o p r i a t e s e l e c t i o n and g e n e r a l i s a t i o n 
f o r c o n s i d e r a t i o n s a t smaller scales. The 1:50000 data, 
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on the other hand, are not completely mere g e n e r a l i s a t i o n s 
of the l a r g e r s cales. There are i n s t a n c e s where the small 
scale i n f o r m a t i o n i n c l u d e s f e a t u r e s which are not 
represented on a l a r g e scale p l a n . The c l a s s i f i c a t i o n o f 
t o u r i s t v i e w p o i n t s , h i s t o r i c s i t e s and beauty spots are 
t y p i c a l examples. 
To p r o v i d e a u s e f u l and working system,, t h e r e f o r e , 
i t i s i mpossible t o completely i g n o r e the e f f e c t s o f s c a l e . 
Although present technology r e s t r i c t s the concept o f scale 
independence becoming a r e a l i t y , t h e r e i s no reason why 
attempts should not be made to develop a v a r i a b l e scale 
database. This n o t i o n would i n v o l v e d i g i t i s i n g a l l areas 
of the country a t some v a r y i n g f e a s i b l e scale ( b e i n g 
dependent on the i n f o r m a t i o n a v a i l a b l e ) . L i n k s could then 
be provided between the areas t o enable, cross r e f e r e n c i n g 
and m a n i p u l a t i o n w i t h i n the bounds of the data accuracy. 
This 'patchwork q u i l t ' approach could then be g r a d u a l l y 
improved t o some un i f o r m l a r g e scale as technology and 
hardware becomes more e f f i c i e n t and cheaper. I t i s q u i t e 
reasonable t o suggest, t h e r e f o r e , t h a t a small scale 
d i g i t a l database becoming commercially a v a i l a b l e i n the 
s h o r t term f u t u r e would provide a u s e f u l i n t e r m e d i a r y 
between the present s i t u a t i o n and the i d e a l s o l u t i o n 
which, as Thompson (1978) suggests, w i l l o n l y become 




The advantages o f s u p p l y i n g topographic i n f o r m a t i o n 
i n a d i g i t a l format are widespread o f f e r i n g f a r more 
v e r s a t i l i t y than has h i t h e r t o been a v a i l a b l e . The 
d i s t r i b u t i o n o f m a t e r i a l from a c o n t i n u o u s l y up-dated 
d i g i t a l topographic database o f f e r s the c a p a b i l i t y o f 
p r o v i d i n g 'customised images' w i t h f e a t u r e s , area o f 
i n t e r e s t and scale being s e l e c t e d by the user. 
m i _ _ j . . . i — - £• o-i_ _ — x. j - - . _ i 
i n c iiieajui. uj-civv UCIUJVO u i one uux l e n i> p i .~uuuuuj .uj i B,y a ot-jin 
i n v o l v e the form i n which the data are s u p p l i e d . Attempts 
have been made i n t h i s t h e s i s t o h i g h l i g h t these l i m i t a t i o n 
from two p o i n t s o f view: the need f o r s t r u c t u r e i n the 
data and problems o f i n e f f i c i e n t i n p u t and output w i t h a 
data processing i n s t a l l a t i o n . 
The need f o r data r e o r g a n i s a t i o n dates from the 
e a r l y days o f OS involvement i n d i g i t a l techniques. 
F o l l o w i n g i n i t i a l f e a s i b i l i t y s t u d i e s , a development 
p r o j e c t t o produce software t o r e s t r u c t u r e the OS d i g i t a l 
data was commissioned from PMA Consultants (Thompson 1978). 
I n mid 1979, t h i s p r o j e c t i s n e a r i n g completion and i s 
designed t o enable the use o f the data f o r a wide range 
of user needs, both g r a p h i c a l and a n a l y t i c a l , a v o i d i n g 
u u p i i v . a i i l O u i n on c ^ l O u l i k i / l u n a l l u o b O i a g c U J . one o pa n a i 
i n f o r m a t i o n (Thompson 1979). The development o f t h i s 
r e s t r u c t u r i n g software was l o g i c a l and necessary and, as a 
consequence, the market o f OS d i g i t a l data i s expected t o 
expand. 
The problems o f slow I/O w i t h the DMC format a r i s e s , 
e s p e c i a l l y i n a m u l t i p l e access computing environment, as 
a r e s u l t o f the card image nat u r e o f the data. The 
chara c t e r conversions and data v a l i d a t i o n s are slow and 
c o s t l y i n terms o f computer resources; c e r t a i n l y the 
present s e q u e n t i a l searches r e q u i r e d f o r s p e c i f i c map 
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sheets by the p l o t t i n g s oftware i s unreasonable. I n order 
t o a l l e v i a t e the problems i t becomes necessary t o 
re o r g a n i s e the data format i n t o a b i n a r y system a l l o w i n g 
l a r g e blocks o f i n f o r m a t i o n t o be moved around the computer 
i n s t a l l a t i o n by means o f exe c u t i v e I/O, unencumbered by 
time consuming data conversions. The adoption o f these 
ideas w i l l p r o v i d e an i n t e r i m s o l u t i o n although i t s t i l l 
remains necessary to design an e f f i c i e n t database manage-
-ment system i n v o l v i n g addressing cross r e f e r e n c e s and 
index f i l e s t o ensue the i n e f f i c i e n t s e q u e n t i a l searches. 
The Ordnance Survey cannot be expected t o r e s o l v e 
these problems e n t i r e l y since much o f the data addressing 
J _ J - J _ "U _ _ 1_ • „ _ _ 4- _ _ _ J — N N U J — _ J _ _ J „ 4- J 4- J 1 
cuiu c o u r a g e u a u i v i n g o o u x e ±o m a u u i n c u e ^ c u u e n u a n u U J I O J . _ L 
an i n t e r f a c e a t b i n a r y l e v e l i s designed between OS hardware 
and a l l customer machines then the u t i l i s a t i o n of data 
t r a n s f e r i n ch a r a c t e r code must remain. I n the l o n g term, 
however, the r a t e s o f change o f computer-based technology 
are such t h a t a l t e r n a t i v e approaches o f data i n t e r c h a n g e 
w i l l be p o s s i b l e . The d i g i t a l t r a n s m i s s i o n o f m a t e r i a l 
over a n a t i o n a l data communications network would o b v i a t e 
the need f o r user-based storage completely. 
The improvements i n technology should be b e n e f i c i a l 
t o system e f f i c i e n c y from a data a c q u i s i t i o n p o i n t o f view. 
Thompson (1978) concludes t h a t an i m p p r t a n t issue t o be 
r e s o l v e d sooner r a t h e r than l a t e r i s a re.duction i n d i g i t a l 
'mapping c o s t s . The adoption o f second g e n e r a t i o n d i g i t i s i n g 
techniques i n v o l v i n g data capture and o n — l i n e edi-t-ing -
could p r o v i d e more e f f i c i e n t s o l u t i o n s . 
The q u e s t i o n of. data scale must remain c o n t r o v e r s i a l 
f o r the present time. C e r t a i n l y the completion o f the 
l a r g e scale database must be considered i n the lo n g term 
o n l y . The adoption o f a small scale i n t e r i m database has 
much p o t e n t i a l although f e a s i b i l i t y s t u d i e s a t Southampton 
and Durham suggest t h a t the problems o f data volume could 
w e l l prove too p r o b l e m a t i c f o r the c u r r e n t h a n d l i n g 
techniques. The l i m i t a t i o n s o f slow I/O and i n f o r m a t i o n 
r e t r i e v a l increases p r o p o r t i o n a l l y w i t h f i l e s i z e and 
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since e x p l o r a t o r y s t u d i e s have shown the h i g h "volume of 
data f o r each 1:50000 sheet, then a more improved storage 
and r e f e r e n c i n g system must be made a v a i l a b l e . 
The f u t u r e must see the i n t r o d u c t i o n o f an improved 
system possessing the enhancements which have been 
discovered d u r i n g the past f o u r years as a r e s u l t o f 
developing the DMB system. This second g e n e r a t i o n system 
must adopt the .most up-Lto-date techniques a v a i l a b l e i n 
both hardware and software terms t o ensure t h a t the data 
content and accuracy remains c o n s i s t e n t : I n t h i s way the 
data can not only be used f o r g r a p h i c a l a p p l i c a t i o n s but 
also the most r i g o r o u s o f a n a l y t i c a l tasks. The s t a t i s t i c a l 
analyses provided by t h i s p r o j e c t suggest t h a t the data 
accuracies are s u f f i c i e n t f o r most purposes al t h o u g h the 
l a c k o f post processing r o u t i n e s could a f f e c t c e r t a i n 
t a s k s . The i n a b i l i t y o f p r o p e r t y boundaries t o c o n s t i t u t e 
closed polygons was an example c i t e d i n the t e x t . 
On the whole t h e r e are c e r t a i n ' t r ends i n a l l l a r g e 
scale d i g i t a l sheets ( a t 1:1250 and 1:2500) i r r e s p e c t i v e 
of the areas which they r e p r e s e n t although urban p o p u l a t i o n 
i s s t r o n g l y c o r r e l a t e d w i t h data volume. Ground t e r r a i n , 
has no a f f e c t on data accuracy or content a t the basic 
scales. An i n t e r e s t i n g theme a r i s i n g from t h i s t h e s i s 
i n v o l v e s c o r r e l a t i o n s t u d i e s between OS d i g i t a l i n f o r m a t i o n 
and the census data. Since the U n i v e r s i t y a t Durham i s 
f o r t u n a t e ' t o h o l d samples o f both these data s e t s , i t i s 
0X16 l i l b6u ( d u n Ox one a u X n u r iii«co u i g a u c m i c o c xu-Edo-
f u r t h e r i n the near f u t u r e . I t should be p o s s i b l e , f o r 
example, t o attempt c o r r e l a t i o n s t u d i e s between p o p u l a t i o n 
and t o t a l l i n e l e n g t h o f p r o p e r t y boundaries t o d i s c o v e r 
the s t r e n g t h s o f any c o r r e l a t i o n which may e x i s t . 
I n c o n c l u s i o n , t h i s work has provided an i n t r o d u c t o r y 
example of m a n i p u l a t i o n , o t h e r than g r a p h i c a l , t o which 
d i g i t a l topographic i n f o r m a t i o n can be p u t . I n so doing, 
i t has been p o s s i b l e t o discover l i m i t a t i o n s i n both the 
approach adopted f o r the study and the d i g i t a l s e r v i c e 
c u r r e n t l y being o f f e r e d by Ordnance Survey. I t should be 
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p o i n t e d out t h a t the Mapping Agency i s aware o f many o f 
these drawbacks and the development branch i s c o n t i n u a l l y 
s t r i v i n g t o improve the s e r v i c e . I t i s a n t i c i p a t e d t h a t 
i n the e a r l y 1980's a p r o t o t y p e second g e n e r a t i o n system 
w i l l be i n s t a l l e d a t Southampton. This new system, 
c u r r e n t l y being r e f e r r e d t o as the Topographic Database 
P r o d u c t i o n System (TDPS), i s expected t o run p a r a l l e l 
w i t h DMB f o r an i n i t i a l p e r i o d . However, i n the longer 
term i t i s hoped t h a t many o f the drawbacks o f DMB w i l l 
be overcome, namely c o s t , speed and data s t r u c t u r e . 
The gr a d u a l improvement o f the d i g i t a l s e r v i c e and 
the widespread a p p l i c a t i o n s t o which the i n f o r m a t i o n can 
be put w i l l only gain importance i f the users, w i t h t h e i r 
i n b u i l t r e s i s t a n c e t o change, can be s u c c e s s f u l l y converted 
t o a p p r e c i a t e the b e n e f i t s which t h i s new technology can 
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Appendix A 
SDNANCE SURVEY DIGITAL DATA 
jrmats on Fortran readable magnetic tape 
DESCRIPTION 
CONTENTS FORTRAN 
FORMAT CHARS 1-4 CHARS 5-8 
tart sheet: -1 0 214 
SW corner co-ords (NG) (E Reference - E ) 
(N Reference - N ) IveiQ n 
Size of basic grid square (metres) • Size of square ^ f r 0 • U 
Source scale (reciprocal) Source scale j 
id of sheet -2 0 21-4 
id of f i l e -5 0 21-4 
art of feature " -4 Serial No 21-4 
d of feature - 5 ; 0 2l4 
ature type (line) -7 Feature code 21-4 
ature type (text, symbol) -8 Feature code 214 
3ic grid square indicator -9 0 214 
3.G. square reference E,N Ref E Ref N 2F4.0 
ict indicator, classification -10 classification 214 
•Style, height of characters Style height (mm) 14, F4.1 
_ 
let character count -11 count 214 
lharacters 4 characters 4 characters 2A4 
lentation ( a l l features) -12 Angle 214 
• (units of .1 degree) 
ig (invisible line) -13 0 214 
tance -15 distance . . 214 
tour value -17 height (metres) 214 
nt co-ordinates E Value N Value 2F4.3 
curate to .001 of a BG square) 
action (7 track only) - 6 0 2I" 
Appendix B 
Topographic F e a t u r e Codes Used I n PMC 
Codes Type D e s c r i p t i o n 
1 L i n e B u i l d i n g - P u b l i c 
2 L i n e B u i l d i n g - Minor 
3 . L i n e B u i l d i n g - Other 
4 L i n e B u i l d i n g - Open s i d e d 
5 L i n e , B u i l d i n g D i v i s i o n - Broken l i n e 
6 L i n e Archway symbol 
7 L i n e Boundary - P a r i s h or Community 
8 L i n e Boundary - D i s t r i c t 
9 L i n e Boundary - County or Region 
10 L i n e Boundary - E l e c t o r a l d i v i s i o n 
11 P o i n t Boundary - Post or Stone 
12 P o i n t Boundary - Mereing Symbol F u l l 
13 P o i n t Boundary - Mereing Symbol H a l f 
U L i n e Railway - Narrow guage 
1 5 L i n e Railway - Standard guage 
16 L i n e Railway - Underground 
17 L i n e Boundary - g e n e r a l 
18 L i n e Railway - Disused, Centre l i n e 
19 L i n e Railway - Dismantled Centre l i n e 
20 L i n e Railway - Switch 
21 L i n e Road pecks ( c a r r i a g e w a y ) ' 
22 L i n e Road - Centre l i n e 
23 L i n e Path (urn) 
OA 
«- T 
"D~ •! - + J . \J J. 11 0 minor c o n t r o l p o i n t 
25 P o i n t T r i g , p o i n t 
26 P o i n t Bench mark 
27 P o i n t S u r f a c e l e v e l 
28 P o i n t Name/Number, p o s i t i o n ( t e x t ) 
29 L i n e Road fence, w a l l e t c ( c a s i n g d e f i n i t i v e ) 
30 L i n e Fence, w a l l e t c - Non road 
31 L i n e Road pecks ( c a s i n g d e f i n i t i v e ) 
32 L i n e Surveyed Pecks (banks, b a u l k s , made 
paths, driveways, e t c ) 
33 L i n e Tunnel alignment 
34 L i n e Subway/Underpass alignment 
Codes Type D e s c r i p t i o n 
35 L i n e V e g e t a t i o n l i m i t s ( s k e t c h e d pecks) 
36 L i n e Ground s u r f a c e f e a t u r e l i m i t s 
( s k e t c h e d pecks suppressed) 
37 P o i n t Telephone C a l l Box - GPO 
38 P o i n t Telephone C a l l Box - AA 
39 P o i n t Telephone C a l l Box - RAC 
40 P o i n t Telephone P o s t / P i l l a r - GPO 
41 P o i n t Telephone P o s t / P i l l a r - AA 
42 P o i n t Telephone P o s t / P i l l a r - RAC 
43 L i n e Telephone L i n e 
44 L i n e Pipe L i n e - O b s t a c l e 
45 L i n e Pipe L i n e - Suspended or Non O b s t a c l e 
46 L i n e A e r i a l Ropeway 
47 L i n e E l e c t r i c i t y T r a n s m i s s i o n L i n e 
48 P o i n t E l e c t r i c i t y Pylon - Standard 
49 P o i n t E l e c t r i c i t y Pylon - Surveyed 
50 P o i n t E l e c t r i c i t y Pylon - P a r t 
51 P o i n t E l e c t r i c i t y P o s t s (Surveyed) 
52 L i n e Step t r e a d s 
53 P o i n t Cave Symbol 
54 P o i n t A n t i q u i t y Symbol 
55 L i n e A n t i q u i t y pecks ( c o u r s e o f ) 
56 L i n e A n t i q u i t y - d e t a i l 
57 P o i n t P o i n t f e a t u r e s - dot 
58 P o i n t O b j e c t s shown by c i r c l e (non water 0.60mm) 
59 L i n e Bank of double R i v e r / S t r e a m 
60 L i n e Bank of c a n a l 
61 L i n e " Bank of Double Dr a i n 
62 L i n e Bank of Lake/Pond 
6 3 L|ne Bank of Moat 
64 L i n e S i n g l e Stream 
65 L i n e S i n g l e D r a i n 
66 L i n e . Centre L i n e of Double Water F e a t u r e 
67 P o i n t Plow arrow - l a r g e 
68 , P o i n t Plow arrow- medium 
69 P o i n t . Plow arrow - s m a l l 
70 P o i n t C u l v e r t bar 
71 L i n e Mean high water, MHWS 
72 L i n e Mean low water, MLWS 
Codes Type D e s c r i p t i o n 
73 L i n e Ferry-
74 L i n e G e n e r a l i s e d c o a s t l i n e 
75 L i n e Contour 
76 not used 
77 L i n e Boundary - London borough 
78 L i n e Boundary - Ward 
79 L i n e Boundary - P a r l y Const 
80 L i n e CL - Track 
81 L i n e Track 
82 • P o i n t O b j e c t s shown by c i r c l e (Water, 
83 L i n e Road pecks (pavement e t c ) 
O f L i n e Ground s u r f a c e f e a t u r e l i m i t s 
( s k e t c h e d pecks) 
85 L i n e CL Motorway Dual carriageway 
86 L i n e CL Motorway S i n g l e carriageway 
87 L i n e CL Motorway Roundabout 
88 L i n e CL Motorway S l i p road 
89 L i n e CL Trunk/Main Dual carriageway • 
90 L i n e CL Trunk/Main S i n g l e c a r r i a g e w a y 
91 L i n e CL Trunk/Main Roundabout 
92 L i n e CL Secondary Dual carriageway 
93 L i n e CL Secondary S i n g l e carriageway 
94 L i n e CL Secondary Roundabout 
95 L i n e - CL Minor-Dual carriageway 
96 L i n e CL Minor s i n g l e c a r r i a g e w a y more 
97 L i n e CL Minor s i n g l e carriageway l e s s 
n o 
y<-> L i n e r% T uu Minor - o t h e r roads 
99 L i n e CL Minor Roundabout 
100 L i n e CL Railway - m u l t i p l e t r a c k 
101 L i n e CL Railway - s i n g l e t r a c k 
102 L i n e CL Railway - s i d i n g s 
103 L i n e Alignment f e a t u r e 
104 L i n e Normal t i d a l l i m i t 
105 L i n e Rare f e a t u r e code - s o l i d 
106 L i n e Rare f e a t u r e code - pecked 
107 P o i n t f Rare f e a t u r e code - symbol 
108 L i n e Surveyed pecks (banks e t c ) type 
109 L i n e Railway - b u f f e r s / r e t a r d e r s 
Codes Type D e s c r i p t i o n 
110 P o i n t Campsite symbol (1:50000) 
111 P o i n t Caravan s i t e symbol 
112 P o i n t Leader arrow 
113 L i n e P u b l i c r i g h t of way - b r i d l e w a y 
114 L i n e P u b l i c r i g h t of way - f o o t p a t h 
115 L i n e P u b l i c r i g h t of way - road used as path 
116 L i n e F o r e s t park o u t l i n e 
117 L i n e N a t i o n a l Park/New f o r e s t o u t l i n e 
118 L i n e N a t i o n a l T r u s t boundary ( a l w a y s open) 
119 L i n e N a t i o n a l T r u s t boundary (open r e s t r i c t e d ) 
120 L i n e .'. A i r p o r t runway pecks 
1 21 L i n e A i r p o r t p e r i m e t e r t r a c k 
'i 22 P o i n t H e l i p o r t 
123 • not used 
124 L i n e CL narrow guage r a i l w a y 
125 L i n e CL p r i v a t e r a i l w a y 
126 L i n e CL underground r a i l w a y pecks 
127 L i n e CL r a i l w a y under bridge 
128 P o i n t P r i n c i p a l r a i l w a y s t a t i o n 
129 P o i n t Other r a i l w a y s t a t i o n ( i n use) 
130 P o i n t Disused r a i l w a y s t a t i o n 
131 P o i n t Mouth of r a i l w a y s t a t i o n 
132 L i n e Railway v i a d u c t or b r i d g e 
133 L i n e CL Motorway under c o n s t r u c t i o n 
134 L i n e CL proposed motorway 
135 L i n e CL main road ( s i n g l e c'way) under c o n s t r . 
136 L i n e CL main road ( d u a l c'way) under c o n s t r . 
i in 
i J i L i n e CL narrow main road 
138 L i n e CL narrow secondary road 
139 L i n e CL underground road pecks 
140 L i n e ; Road under bridge 
141 L i n e Path/Towpath 
142 P o i n t Road t u n n e l mouth 
143 L i n e Bridge/Subway/Viaduct 
144 P o i n t E l e v a t e d road symbol 
145 Point. T o l l 
146 P o i n t Footbridge 
147 P o i n t G r a d i e n t arrows ( g r e a t e r than 1 i n 5) 
148 
149 
P o i n t 
P o i n t 
G r adient arrows ( g r e a t e r than 1 i n 7) 
Bus or coach s t a t i o n 
Codes Type D e s c r i p t i o n 
1 50 P o i n t Motorway s e r v i c e a r e a 
151 L i n e B u i l d i n g l i n e (non road) 
152 L i n e B u i l d i n g l i n e ( r o a d ) 
153 L i n e V e g e t a t i o n boundary fenc e (non road) 
154 L i n e V e g e t a t i o n boundary fence ( r o a d ) 
155 P o i n t Standard roundabout 
156 L i n e M i s c e l l a n e o u s boundary ( f e n c e d ) 
157 L i n e M i s c e l l a n e o u s boundary (unfenced) 
158 L i n e Ornamental park boundary (non road) 
159 L i n e Ornamental park boundary (r o a d ) 
160 L i n e conduit or exposed pipe 
161 L i n e C u t t i n g 
162 L i n e Embankment' 
163 L i n e Groyne 
164 L i n e R i f l e range s i g h t l i n e 
165 L i n e S k i - l i f t / C h a i r l i f t 
166 L i n e Rope drag 
167 P o i n t Landmark ( c i r c l e ) 
168 P o i n t Church ( w i t h s p i r e ) 
169 P o i n t Church ( w i t h tower) 
170 P o i n t Church ( w i t h no s p i r e or tower) 
1 71 P o i n t Gas/Oil/Sewage tank 
172 L i n e Gate on road 
173 P o i n t G o l f c o u r s e / L i n k s 
174 P o i n t Youth H o s t e l 
175 P o i n t Mile post or stone 
176 P o i n t TV/Wireless mast 
177 P o i n t WindmiTI 
178 P o i n t Windpump 
179 L i n e Roman road pecks 
180 P o i n t • Non-Roman a n t i q u i t y 
181 P o i n t A n t i q u i t y ( n o t to s c a l e ) 
182 P o i n t B a t t l e f i e l d 
183 P o i n t A n t i q u i t y w a l l and o t h e r o u t l i n e f e a t u r e s 
184 P o i n t Mile t u r r e t 
185 P o i n t T r i g p i l l a r 
186 L i n e Bathymetric contour (normal) 
187 L i n e Bathymetric contour ( a c c e n t u a t e d ) 
188 L i n e Bathymetric contour ( o b s c u r r e d ) 
Codes Type D e s c r i p t i o n 
189 P o i n t Height ( l e v e l l e d / u n l e v e l l e d ) (normal) 
190 P o i n t Height ( l e v e l l e d / u n l e v e l l e d ) ( n e a r bdy.) 
191 L i n e L i m i t of c l i f f / s c r e e 
192 L i n e L i m i t of m a r s h / s a l t i n g / o s i e r bed 
193 L i n e L i m i t of sand/mud/shingle 
194 P o i n t I n f o r m a t i o n . c e n t r e 
195 P o i n t P i c n i c s i t e 
196 P o i n t P a r k i n g a r e a 
197 P o i n t Viewpoint 
198 L i n e Bank of t i d a l e s t u a r y 
199 L i n e CL t i d a l e s t u a r y 
200 L i n e j T i d a l p a r t of s i n g l e stream 
201 L i n e HWM - E s t u a r y mouth 
202 L i n e Swamp/Underground water alignment 
203 L i n e Drainage a r e a boundary 
204 L i n e CL c a n a l (wet) 
205 L i n e Drain up to 8m wide 
206 P o i n t w e l l 
207 L i n e CL c a n a l ( d r y ) 
208 L i n e Canal l o c k 
209 P o i n t I s o l a t e d water f e a t u r e 
210 P o i n t Mouth of water f e a t u r e 
211 P o i n t Source of water f e a t u r e 
212 P o i n t S t a r t of drainage a r e a 
21 3 P o i n t End of drainage a r e a 
214 L i n e W a t e r f a l l / W e i r 
215 P o i n t C o a s t a l beacon 
216 P o i n t Lighthouse (used) 
217 P o i n t L i g h t h o u s e ( d i s u s e d ) 
218 P o i n t S i n g l e b u i l d i n g (min s i z e ) 
219 not used 
220 L i n e CL Trunk road (narrow) 
221 L i n e CL Trunk road ( s i n g l e c a r r i a g e w a y ) 
222 L i n e CL Trunk road ( d u a l c a r r i a g e w a y ) 
223 L i n e L i m i t of f l a t rock 
224 L i n e D i s t r i b u t i o n water mai'n 
225 L i n e Trunk water main 
226 L i n e Domestic supply water main 
227 L i n e Abandoned water main ( d i s t r i b u t i o n ) 
Codes Type D e s c r i p t i o n 
228 L i n e Abandonediwater main ( t r u n k ) 
229 L i n e Abandoned water main (d o m e s t i c ) 
230 L i n e Zone boundary 
231 P o i n t A i r v a l v e 
232 P o i n t V a l v e 
233 P o i n t C l o s e d v a l v e 
234 P o i n t P r e s s u r e r e d u c i n g v a l v e 
235 P o i n t R e f l u x v a l v e 
236 P o i n t D i f f e r e n t i a l p r e s s u r e p o i n t 
237 P o i n t Hydrant 
238 P o i n t Meter 
239 P o i n t Capped end 
240 P o i n t Water pumping s t a t i o n 
241 P o i n t Water booster s t a t i o n 
242 P o i n t S e r v i c e r e s e r v o i r 
243 P o i n t Water tower 
244 P o i n t Well or borehole 
245 P o i n t Water treatment works 
246 L i n e Foul p r i v a t e sewer 
247 Li n e ' S u r f a c e water p r i v a t e sewer 
248 L i n e Combined p r i v a t e sewer 
249 L i n e Foul p u b l i c sewer 
250 L i n e S u r f a c e water p u b l i c sewer 
251 L i n e Combined p u b l i c sewer 
252 L i n e Foul main sewer 
253 L i n e S u r f a c e water main sewer 
254 L i n e Combined main sewer 
ncc 
C J J L i n e Abandoned p r i v a t e sewer 
256 L i n e Abandoned p u b l i c sewer 
257 L i n e Abandoned main sewer 
258 L i n e D i r e c t i o n of flow arrow 
259 P o i n t Manhole ( f o u l and combined) 
260 P o i n t Manhole ( s u r f a c e water) 
261 P o i n t Backdrop ( f o u l and combined) 
262 P o i n t Lamphole 
26 3 P o i n t Sewage pumping s t a t i o n 
264 L i n e M i s c e l l a n e o u s l i n e f e a t u r e ( t h i 
265 L i n e M i s c e l l a n e o u s l i n e f e a t u r e (med 
266 L i n e M i s c e l l a n e o u s l i n e f e a t u r e (bro 
Codes Type D e s c r i p t i o n 
267 P o i n t M i s c e l l a n e o u s c i r c l e f e a t u r e (0.7mm d i a ) 
268 P o i n t A i r photo c o n t r o l p o i n t 
269 L i n e A r c h a e o l o g i c a l s i t e - l i n e f e a t u r e 
270 L i n e A r c h a e o l o g i c a l s i t e - o u t l i n e of s o l i d 
a r e a 
271 P o i n t A r c h a e o l o g i c a l s i t e - p o i n t f e a t u r e 
c o r r e c t i n May 1978 
APPENDIX C 
ORDNANCE SURVEY DIGITAL DATA 
Sample contents of a Fortran readable, tape ( f i l e ) containing one 1:1250 map of 
four features. ^ 
Record contents Record contents 
S t a r t sheet 
Feature 1 
feature 2 
2 3 k 5 6 . 7 8 • 1 '2 3 5 6 7 8 
- 1 0 Feature 3 if 3 if 3 7 5 0 0 - - 7 3 0 1 ? 8 0 0 0 - 9. 0 
5. 0 - i £. 1 1 2 5' 0 3 2 5 9 0 0 - 1 2 2 if •5 0 - 1 8 0 7 5 0 - 7 3 2 0 5 9 - 9 , 0 — 9 0 2 3 2 2 
3 5 0 5 5 . .... 2 8 7 9 8 - 1 2 1 5 0 - 1 3 0 if 3 0 7 5 2 5 9 2 0 7 
k 1 0 1 5 0 3 0 8 3 5 0 3 3 0 1 3 0 - 5 0 
— 5 0 
Feature k if - if 2 — 7 if 9 - 8 2 . 8 - 9 0 - 9 0 5 I 3 1 8 3 7 0 0 8 5 k - 1 2 9 0 0 - 1 2 6 0 0 _ 1 5 5 if - 1 0 If • - 5 0 
3 1 8 - 1 1 1 1 End of map - 2 0 
I G H s T R 
TP m J M I U oi i l i e . . . .... _3 r u - 5 0 
ORDNANCE SURVEY PLOT PROGRAM D09 
1 PROGRAM DESCRIPTION 
2 CONTROL PARAMETERS 
2.1 PARAMETER LIST 
2.2 SEQUENCE & EFFECT 
2.3 TABLE etc DETAILS 
3 OUTPUT - INTERFACE DATA 
k ERROR ACTION 
May 1978 
ORDNANCE SURVEY PLOT PROGRAM 
1 DESCRIPTION 
Written i n standard FORTRAN, the program has a number of options selected 
by the user through parameters input on cards or paper tape. 
Map data i s input from FORTRAN readable magnetic tape i n character format. 
Output from the program as supplied i s i n the form of basic plotting data 
placed i n a spec i f i e d 'common area' i n the computer core store. The user 
w i l l write* and compile routines into the program to manipulate the data as 
necessary and use i t for c a l l s to h i s p l o t t e r software. Each entry i n the 
common area supplies data for one c a l l to a l i n e , symbol or text generation 
routine for the pl o t t e r . 
The program can be controlled to output data for one or more separate plots, 
each composed of data from one or more maps on the input tape- The plot area 
w i l l be rectangular, but need not coincide with the boundaries of the' 
component maps. 
The input tape may be rewound at any time to use or re-use maps stored nearer 
* Ordnance Survey can supply suitable routines for some p l o t t e r s . 
1 .1 SPECIFICATION 
Program i d e n t i t y : D09 
Source language: NCC Fortran 
Peripherals: 2 magnetic tape decks, 1 paper tape or card reader, 
1 l i n e p r inter (optional) 
Compiled s i z e ( 1 9 0 0 ) : 1 5 0 0 0 words 
Construction: Modular ( 1 ^ modules) 
Input: 
M/T: A f i l e containing data for one or more maps i n fortran readable 
character format (see 'Ordnance Survey D i g i t a l data on Magnetic 
Tape 1) 
C c u u or r/i: user conzrox parameters, see para 2 . 
Output: 
Common area: Basic p l o t t i n g data i n fixed locations, see para 3 
i n core 
L/P: Feature l i s t i n g (optional), see para 2.J>.h 
Output 
for p l o t t e r : Controlled by user routines 
Input/output channels allocated 
1 Tape/card reader 
2 Input magnetic tape 
3 Line p r i n t e r 
CONTROL PARAMETERS SET UP BY USER 
Parameter types, i d e n t i f i e d by numeric codes 0 1 - 2 3 , may be input on paper 
tape or cards, giving the user a number of options when s e t t i n g up the 
plot program. 
A l i s t of a l l parameter types with associated data i s at 2 . 1 , and the 
sequence of entry and eff e c t of the parameters i s at 2 . 2 . 
A plot may consist of one or more f u l l sheets (code 0 1 ) or parts of one 
or more sheets (code 0 2 ) , part sheet l i m i t s may be defined to an accuracy 
of 1 0 0 metres ( 1 : 2 5 0 0 source) or 5 0 metres ( 1 : 1 2 5 0 source). 
One or more plots may:be defined for a run, re-using the same sheets i f 
required. 
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2.2 PARAMETER SEQUENCE AND EFFECT 
There i s no fixed sequence for entering parameters (other than 0 9 ) , tables 
( 0 3 , 0 5 i 0 6 ) should generally be set up f i r s t , p a r t i c u l a r l y i f using 
options 1 0 - 1 3 . 
Code 
01 ) Must be present i n f i r s t plot parameter s e t , repeated at the s t a r t 
0 2 ) of each new plot but may be omitted i f subsequent plots cover the 
area s p e c i f i e d i n the f i r s t entry. 
0 3 Must be present i n f i r s t plot parameter s e t , w i l l remain e f f e c t i v e 
u n t i l replaced by another 0 3 entry. 
O^ f Applies to current plot only. 
0 5 ) I f inserted, w i l l apply to current plot and remain e f f e c t i v e u n t i l 
0 6 ) replaced. 
0 7 Applies to current plot and remains e f f e c t i v e u n t i l cancelled. 
0 8 Applies to current nlot a n d r p m a i > s °ffactive u n t i l r e p l a c e . 
0 9 Must be f i n a l parameter, and must not be preceded by 2 0 . 
10 ) 
^ ^ Apply to current plot and remain e f f e c t i v e u n t i l replaced. 
1 2 ) Apply to one map only ( preceded by code 1^ entry unless f i r s t map 
13 )• on p l o t ) , both may be used. Re-specify for each map requiring 
either option. 
Ik Map reference on input M/T, holds following parameters u n t i l 
required map occurs. 
1 5 ) Apply to current plot and remain e f f e c t i v e u n t i l replaced. 
16 ) 
17 Applies to current plot and remains e f f e c t i v e u n t i l cancelled. 
18 ) 
^ j Apply to current plot and remain e f f e c t i v e u n t i l replaced. 
20 Applies to current plot, unnecessary i f end of plot_coincides with 
end of input M/1V I t " must "not~~precede ~a~~09~~~;parameter. 
21 Entered whenever a rewind i s required. 
2 2 Cancels report option ( 0 7 ) u n t i l r e - s e t . 
2 3 Cancels s e r i a l number plot option ( 1 7 ) u n t i l r e - s e t . 
.3.1 FEATURE DESCRIPTION TABLE (Option code 03) 
(FDT) 
P l o t t i n g d e t a i l s for each feature code required for output are entered, 
features with codes not entered i n the table cannot be plo t t e d . 
Table format 
Up to 150 feature codes may be entered, with values i n the range 1-150. 
For each feature code, four fi x e d length parameters must be present. 
An entry consists of k x k d i g i t integer f i e l d s followed by 2k characters 
of t e x t . 
1. Feature code (key) Ik 
2. Type of output (see below) Ik 
3- Pen/projector number Ik 
k. Variable, controlled by f i e l d 2 entry Ik 
5. Feature description 6Ak 
Integer entries are r i g h t - j u s t i f i e d with leading zeroes or spaces, text 
entries must be space f i l l e d to 2k characters. 
Type of output 
Fields 2 and k are entered as follows-
Output type Field 2 Field k 
Solid Line 1 Zero 
Pecked Line 2 Length of peck (1:10 mm u n i t 
Name 3 Zero 
Centred symbol 5 Code i n p l o t t e r software 
Drawn symbol 6 Reference i n symbol table 
Flashed symbol 7 Zero 
Header/terminator 
The table i s headed by the two d i g i t code 03, and terminated by a f i v e f i e l d 
feature record with feature code -9 and other f i e l d s zero or space f i l l e d . 
TEXT TABLE (Option code 05) 
For any height of text input f o r a name feature, a modified height may 
be substituted for p l o t t i n g , and/or a specific pen or projector 
number selected. 
The table i s optional, but i f included i n the parameters, a l l name 
features w i l l use i t . I f an exact equivalent to input size i s not 
available as a key, the entry for the next larger size w i l l be used from 
the table. 
Table format 
The table i s headed by the two d i g i t option code (05) and terminated by 
a three integer entry, as for a height, with the values -9i 0, 0. 
A maximum of 20 height entries i s permitted. 
Each height entry consists of three f i x e d length integer f i e l d s (31*0 
Fi e l d 1 Key - an input height i n u n i t s of .1mm 
2 Hodiiied (or unchanged) neighx, units as f i e l d i 
3 Pen/projector number ' 
Height range 
Heights on Ordnance Survey data w i l l f a l l i n the range 10-58 units 
Example 
Three entries i n a text table require reduced text heights, the largest 






2.3.1 (Contd) Example 
A feature description table consists of three features as follows 
a. Feature code *t, type 2, pen 3i length of peck 1.8 mm. 
b. Feature code 28, type 3i no pen entry. 
c. :. Feature code 37, type 5i pen 1, p l o t t e r symbol code 15-
91 
F i e l d 1 2 3 5" 
if 2 3 18 BUIL |DING (OPE N SI DED) j 
28 3 0 0 NAMEj/NUM BER l 1 
37 5 1 15 TELE jPHON E CA LL B OX (GjPO) 
-9 0 0 0 i ! 
I n t e r n a l format of table 
The parameters for each code are stored i n a location whose s t a r t address 
i s derived by program from the feature code, the code i t s e l f i s not retained. 
The f i r s t location f o r each code i s used f o r a r e j e c t i o n i n d i cator, i f set 
by an option 10 entry. 
2.3-3 SYMBOL TABLE (Option code 6) 
The symbol table w i l l hold! the data necessary to construct symbols 
designed by the user.-
Each symbol entry i s prefaced by a numeric key "by which the symbol 
may be called from the Feature Description table, or from other symbols 
i n the table. A series of function codes and parameters are given 
overleaf, defining the form of the symbol, followed by the terminator 
8888. 
Each entry (key, function, or parameter) i s w r i t t e n on a separate l i n e . 
The table i s terminated by the code 9999-
A maximum of 20 symbols i s permitted, o v e r a l l table size must not exceed 
200 entries. 
Example: A symbol table of one symbol i s to be set up, the symbol 
(key Ik) consists of a square of side 5mm drawn around a 
















The pen po s i t i o n at s t a r t of symbol i s assumed to be the o r i g i n , a l l sub-
sequent positions to which moves are made are r e l a t i v e to t h i s o r i g i n , 
given as X or Y values i n units of l/lO mm. 
( 
2.3.3 (Contd) 
FUNCTION CODES USED IN DRAWN SYMBOL TABLES 





End of symbol 8888 - -
I n v i s i b l e move to symbol o r i g i n 1 - -
I n v i s i b l e move i n x 2 Distance (ijlOmm) -
I n v i s i b l e move i n y 3 Distance -
I n v i s i b l e move i n x/y k Distance x Distance y 
Visible move to o r i g i n 5 - -
Visible move i n x r 
\ ° Distance -
Visible move i n y V ' Distance -
Visible move i n x/y 8 Distance x Distance y 
Pen/projector number 9 Number -
Flash symbol 10 - -
Scale factor 11 Factor X 1000 -
Compute scale factor 12 drawing distance 
(1/10 mm) 
Jump to symbol n i n table 13 n -
ReVurrt h> c<xU symbol 14- - -
Notes: 
Code 12 Scale factor i s computed as Distance input from data tape 
Drawing distance 
To draw a symbol already constructed i n the table at a d i f f e r e n t size, enter 
scale factor (code 11) followed by code 13-
The Bench Mark symbol, symbol 26 in the late s t version of OSTESTPARAMS i s 
oriented thus On some early maps sheets t h i s may lead to the Bench 
Mark being transposed by 180°. This can he corrected by a l t e r i n g the symbol 
tables entry to orient the symbol thus 
i 
2.3A FEATURE LISTING (Option code 7) 
1. Each page i s headed by a t i t l e , sheet reference and pl o t scale, 
and column headings. 
2. Features selected for each sheet used are l i s t e d as they occur on 
the input tape showing s e r i a l number, s t a r t and end NG co-ordinates 
and text information ( i f any). 
3. Feature code and description i s printed at each change of code. 
k. End of sheet and end of run messages output as appropriate. 
5. No error messages appear on the report. 
6. The p r i n t layout requires a maximum of 80 characters per l i n e , and 
60 l i n e s per page. 
A sample page i s shown overleaf. 
•V/f (co*kt\ 
[GITAL MAPPING - 009 PLOT LISTING 
1EET REF 3 3 3 0 0 0 . 2 2 6 0 0 0 . PLOT SCALE 2 5 0 0 . 
: A TUR E FSN START CO-ORDS END CO-ORDS N AM F TEXT 
ODE CTFXT OF NAME) CAT HEIGHT 
2 8 NAME 
1 3 5 3 9 5 6 . 0 2 2 6 2 3 5 . 2 1 1 . 7 
PlARSONAGE 
2 3 3 3 9 5 5 . 9 2 2 6 2 2 9 . 1 1 1 . 7 
F 3 A R M 
3 3 3 3 9 3 9 . 6 2 2 6 0 7 1 . 8 9 1 . 7 
I I S S U E S 
A 3 3 3 9 8 0.8 2 2 6 0 5 7 . 8 9 1 . 7 
IDSSUFS 
5 3 3 3 7 7 6 . 8 2 2 6 2 5 A . 5 9 1.7 
I D S S U E S 
6 3 3 3 5 3 4 . 9 2 2 6 2 3 3 . 3 9 1 . 7 
S 3 P R ING 
7 3 3 3 5 3 5 . 3 2 2 6 2 2 5 . 8 7 1 - 7 
P 3 0 N 0 
8 3 5 3 5 0 5 . * 2 2 6 2 2 3 . 2 7 1-7 
DM 
9 3 3 3 4 6 2 . 3 2 2 6 2 2 3 . A 1 1 . 9 
KJIDDLE 
1 0 3 3 3 4 6 2 . 5 2 2 6 2 1 7 . 1 1 1 . 9 
H3UNTHOUSG 
1 1 3 3 3 4 6 2 . A 2 2 6 2 0 9 . 9 1 1 . 9 
F ] A R f• 
1 2 3 3 3 4 2 1 . 1 2 2 6 1 7 6 . 7 9 1-7 
1 3 3 3 3 4 9 6 . 2 2 2 6 1 2 3 . 3 1 1 . 9 
W3ELSHJ H3UNTHOUSE 
1 4 3 3 3 5 7 3 . 0 2 2 6 0 K 7 . 1 9 1 . 7 
P3ATH 
1 5 3 3 3 5 2 0 . 9 2 2 6 0 2 7 . 3 9 1-7 






a - ( c o n t d ^ 
DIGITAL MAPPING - t)f)9 PLOT. LISTING 
SHEET R £ F 3 3 3 0 0 0 . 2 2 6 0 0 0 . 
FEATURE FSN START CO-ORDS 
CODE (TEXT OF NAMF) 
PLOT SCALE 2 5 0 0 , 
F.WD CO-ORDS N A ME 
CAT' 
T E X T 
H E I 6 H T 
30 FENCE,WALL (NGN ROAD) 
? 8 3 3 3 3 4 9 2 . 5 2 2 6 1 3 5 . 5 3 3 3 4 8 7 . 8 2 2 6 1 3 8 . 6 
32 SURV HFCKS (NGN ROAD) 
2 8 4 3 3 3 4 * 4 . 2 2 2 6 1 1 2 . 4 
2 S 5 3 3 3 4 8 3 . 6 2 2 6 1 1 1 . 1 
3 3 3 6 9 8 . 0 2 2 6 0 4 6 . 9 
3 3 3 6 9 9 . 3 2 2 6 0 4 5 .1 
64 SINGLE STREAM 
2 8 6 3 3 3 5 6 3 . 7 2 2 6 6 7 0 . 6 3 3 3 2 6 7 . 5 2 2 6 4 2 5 . 6 
58 POINT FEATURE (CIRCLE) . 
2 S 7 3 3 3 5 6 4 . 3 2 2 6 6 7 1 . 1 
30 FENCF,WALL (NON-ROAD) 
? 8 8 3 3 3 0 9 8 . 2 2 2 6 * 5 6 8 . 6 3 3 3 0 0 0 . 3 2 2 6 5 4 5 . 2 
* * E N D OF SHEET** 
***E\D OF P UN* * * 
} 
2.3-5 REJECT BY NAME CATEGORY (option code 11) 
Each t e x t feature input has one of the following category codes 
0 Street name 
1 Building name 
2 Object shown by dot or c i r c l e 
3 Area name, town, v i l l a g e etc 
*f Archaeological names 
5 Boundary information 
6 House numbers 
7 Ground survey/topo names 
8 Road numbers 
9 Miscellaneous 
A table set up by the program w i l l hold a aero entry f o r each category. 
I f option 11 i s used, each category f o r r e j e c t i o n i s set to 1, features 
with these category numbers w i l l then be omitted from the p l o t . 
The rejections set remain i n force f o r a l l p l o t s u n t i l cancelled bv 
another code 11 entry. 
30 
- r , . r 
2.3-6 TITLE OF PLOT (option code 15) 
The t i t l e block, including NG co-ordinates of the SW corner of the p l o t , 
p l o t scale and a copyright note, i s l a i d out as shown below. The t i t l e 
i s output as a basic part of the p l o t program. 
I f code 15 i s not used, the t i t l e o r i g i n w i l l be set as shown below i n 
r e l a t i o n t o the SW corner of the p l o t , w i t h a te x t height of 5mm. 
The use of code 15 allows a choice of o r i g i n , r e l a t i v e to pl o t o r i g i n , 
and t e x t height. 
I f codes 18 or 19 (plot o r i g i n l o c a t i o n and orientation) are used, the 
t i t l e l o c a t i o n w i l l be r e l a t i v e to the SW corner of the p l o t , the t i t l e 
w i l l be rotated i f necessary to remain p a r a l l e l with the south (north) 
margin. 
M A R c I N L E N Or T H 
Pl-OT • -X. 1 
O R I G I N 
cm 
r~-£JDJ^IGIN S999993 9999989 
T I T L E SCALE 9999999 O f t l f i l H CROWN COPYRIGHT RESERVED 
2.3.7 MARGINAL DATA (option code 16) 
Up to 80 characters of specified text may be plotted at any angle and 
location i n or around the p l o t area, t e x t height and. pen/projector, 
number are also specified. 
The c o n t r o l l i n g parameters are read as six fi x e d length f i e l d s i n one 
record as follows (numbers i n brackets give f i e l d length) 
Fen/projector number (k) 
Start of text location r e l a t i v e to p l o t o r i g i n (X,Y -mms) (2x8) 
Height of text (1/1 Omm unit s ) (6) 
Angle of t e x t , anticlockwise from horizontal, 1/10 degrees (6) 
Number of characters t o follow (4) 
The corresponding text follows i n four character records, maximum 
20 records, the l a s t i s space f i l l e d up to four characters. 
Example: 
The name CITY OF LANCASTER i s required located centrally', and p a r a l l e l 
to the east mar-gin of a p l o t of 600mm- x 600mm. Required t e x t height i s 






ASTE ' ' 
R 
Each entry must be preceded by code 16. 
OUTPUT DATA - INTERFACE WITH USER ROUTINES 
A common area i n the pl o t program, named INFACE, consists of 33 f o r t r a n 
units of storage. Up to 1k items of data may be placed i n fixe d positions 
i n t h i s area (layout, overleaf). 
D i f f e r e n t combinations of items w i l l be present according t o output type, 
t h i s i s s i g n i f i e d by a code i n the f i r s t p o s i t i o n i n INFACE. 
Each group of items provides data from which parameters'for a c a l l to a 
p l o t t e r routine can be generated. 
No data i s present with output codes 6 or 8, tl'ese are merely triggers to 
the user's s t a r t and end of pl o t routines. 
Data i n the area INFACE w i l l be accessed through a routine named PLOTTR -
to be w r i t t e n by the user. 
Output codes 
1 Move to given point (pen up/down) 
2 Plot number 
3 Plot text 
k 
5 Draw centred symbol 
6 End of p l o t 1 
7 Flash symbol 






r e a l ) 
Value range Used for output types 
1 Output code I 1-8 A l l 
2 Pen/projector number • I " Set i n Feature Description table* A l l except 6,8 
3 Draw/non draw indicator I 0 = pen up/proj o f f , 1 = pen down/proj on 1,5 
4 Symbol code I . Set i n Feature Description table 5 
5 Number of text characters I 1-80 3 







• X ) 
v j r e l a t i v e to p l o t o r i g i n (mms) 
A l l except 6,8 
28 Numeric value for p l o t t i n g R 2 
29 Text character/symbol height R In millimetres 2,3,5 











^Of no value to 
juser 
33 Distance R In millimetres ) 





A version of t h i s subroutine, f o r CALCOMP p l o t t e r s , i s appended to the 
source l i s t i n g on p r i n t e r and paper/magnetic tape. 
I t should provide the l i n k with the data output to the common area, 
and includes c a l l s to CALCOMP p l o t t e r software. 
I n i t s basic form i t i s suitable f o r users with an ICL i n s t a l l a t i o n and 
a Calcomp imperial p l o t t e r . 
Amendments f o r other users are as follows 
IBM 
Label 300 : Parameter LTEXT i s an array, the subscript 
may need to be removed. 
Label 800 : As above f o r IBHF 
Metric Calcomp 
Statement a f t e r l a b e l 800 
For p l o t t e r s working i n centimetres, change 
parameter to (0.1) 
DIMENSION statement 
This statement i s unnecessary f o r certain p l o t t e r s . 
k ERROR ACTION 
Errors associated with the log i c of the program w i l l cause a h a l t (non-
restartable) with one of the fol l o w i n g values output to the console or 
operating system monitor l i s t i n g . The value i s preceded by the word STOP. 
100 Parameter type not i n range 01-2k 
201 Minimum essential parameters (01 or 02 and 03) not input 
102 ) Plot s e r i a l number option not permitted i n a part sheet p l o t (02) 
170 ) 
103 Feature description table has n i l , or more than 150 entries . ' 
,105 Text table has more than 20 entries 
106 More than 20 symbol types i n symbol table 
• 107 More than 200 entries i n symbol table 
1113 Symbol code set i n FDT not i n symbol table 
110 More than 150 feature codes rejected (code 10) 
111 More than 10 name categories rejected (code 11) 
120 More than 30 s e r i a l numbers rejected (code 12) 
130 More than 30 s e r i a l numbers selected (code 13) 
Errors associated w i t h input and output from/to peripherals w i l l cause the 
Fortran error action l a i d down at the users' i n s t a l l a t i o n . 
Appendix E 
1 . 1:1250 s c a l e 
55 
2. 1 :2500 s c a l e 
Av. d e n s i t y 
h i l l y 
C h e s t e r - l e -










Av. d e n s i t y 















L t . d e n s i t y 








L t i d e n s i t y 
f l a t 
B i l l e r i c a y . 




L t . d e n s i t y 
h i l l y 
Av. d e n s i t y 
h i l l y 
Derwentside 
C o r n w a l l 
L t . d e n s i t y 
u n d u l a t i n g 
C o r n w a l l 
20 
Dense 





Dense to l t . d e n s i t y 





L t . d e n s i t y 
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Appendix G 
Prelected Figures For The UK 1:1250 D i g i t a l Database 
Part a - DMC Sequence Code Frequencies 
•1 S ta r t o f sheet 53,316 
•2 End of sheet 53,316 
U 1 1 U O X - i - - i - tur *• i --
-4 S ta r t of fea tu re 68,587,521 (1 9,506) 
-5 End of fea tu re 68,587,521 (19,506) 
-6 Not used 
-7 Features (Line) 56,182,495 (16,224) 
-8 Features (Text , Symbol) 12,405,025 ( 3,755) 
-9 Gr id square i n d i c a t o r - 111,946,815 (28,796) 
-10 Text c l a s s i f i c a t i o n 10,610,854. ( 3,210) 
-11 Character:; c a l l s 10,610,854 ( 3,210) 
-12 No. o f o r i e n t a t i o n s 68,599,511 (19,501) 
-13 I n v i s i b l e l i n e f l a g 2,200,606 ( 1,496) 
-14 Not used 
-15 Distance c a l l s 7,023 ( 13) 
-16 Not used 
-17 Not used 
( f i g u r e s i n brackets are the t margins of e r ro r a t 95$ CL) 
Part b Feature Frequency and breakdown 
PLOT 



















































































5.3 116 .06 























































11 .2 512 0.0 






































































25 4412 4412 
6 6 
• . , c o n t . 
PLOT 
No. LINE TOT LINE GROUND SEGMENTS 
F/C FREQ No. PTS SEGMENTS LENGTH m EQUIV km MEAN MAX MIN 
26 198885 198885 
101 101-
27 449647 449647 
197 197 


































4.1 204 0.0 
32 3440823 33191738 29750915 




























































































































20.9 506 0.5 
57 617610 617610 
616 616 
58 4935 4935 
17 17 
. . . c o n t . . 
PLOT 
No. LINE TOT LINE GROUND SEGMENTS 






















5.3 11 5 0.0 
61 25449 
45 
I 3<i 1 4^0 
3511. 
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! -0 .6 
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0.8 

































8.4 58 1 .1 
. . . c o n t . 
No. LINE TOT LINE GROUND SEGMENTS 






















9.5 183 0.0 





























" 4". "8 
4299.4 
6.0 











2.3 35 0.0 
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1 .5 2 1.3 
(smal ler f i g u r e s below ac tual p ro j ec t i ons are margins of 
e r ro r at the 95% CL) 
Part c other i n fo rma t ion 
T o t a l no. of t e x t characters 
To ta l (-15 coded) distance 
T o t a l inked i n l i n e segments 
Tota l i n v i s i b l e segments 
T o t a l segments generated 
59,438,113 (18,189) 
454km (gnd) ( 1.2km) 
324,349,181 (79,324) 
2,200,606 ( 1,496) 
326,549,786 (80,820) 
To ta l distance 
generated by l i n e s : 1,903,547km ground (421.2km) 
1,522,838m map 
No. o f DMG records 940,757,829 (235,982) (-251 tapes) 
No. o f p o i n t s " " 395,133,'827 ( 95-,906) 
No. of ignored codes 413,710 ( 279) 
No. of ignored records 12,140,911 ( 13,848) (DMC - 8 bytes 
Section 2 
Projected Figures For The 1:2500 D i g i t a l Database 
Part a - DMC Sequence Code Frequencies 
-1 Sta r t o f sheet 164,461 
-2 End of sheet 164,461 
-3 End of f i l e N/A 
. -4 S ta r t o f fea ture 47,782,037 (34,050) 
-5 End of fea ture 47,782,037 (34,050) 
-6 Not used 1 -
-7 Features (Line) 35,663,222 (27,834) 
-8 Features (Text , Symbol) 12,118,817 ( 6,630) 
-9 Grid square i n d i c a t o r 98,029,281 (48,225) 
-10 Text c l a s s i f i c a t i o n 7,953,958 ( 5,681) 
-11 Character c a l l s 7,953,958 ( 5,681) 
-12 No. of" o r i e n t a t i o n s 47,913,728 (34,050) 
-13 I n v i s i b l e l i n e f l a g 173,153 ( 542) 
-1 4 Not used 
-15 Distance c a l l s no data to p r o j e c t 
-16 Not used 
-17 Not used 
( f i g u r e s i n brackets are the 1 margins of e r ro r at 95$ CL) 
Part b Feature Frequency and breakdown 
PLOT 
No. LINE TOT LINE GROUND SEGMENTS 
F/G FREQ No. PTS SEGMENTS LENGTH m EQUIV km MEAN MAX MIN 






























1 46801-. 3 
202.7 
7.1 82 .06. 
4 701211 1876886 
15 56 
1175675 
y y • 
3834.1 
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6.3 472 .06 
30 -1 5732910)291 401 829)275668920 691 5.27.9)1 728.81 9 .8 
13108 154096 144628 199 .9 . 499.9 
6.4 394 .06 
31 941967 
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18247824 

























































































































1.5 5 .31 
PLOT 













































4.8 48 .06 
62 
251 
i 3T2"5'i 39 
18531' 
I <L y-\J O u c. J 
.18362 
5 v> y I • t -
14.0 
nnca.Q r\ 
«_ «i. > | w * w 
35.0 
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29778.0 
53.1 

































































6.0 42 .06 
PLOT 
No. LINE TOT LINE GROUND SEGMENTS 






















20.5 162 .13 












































































4 .8 33 .13 
(smal ler f i g u r e s "below ac tua l p r o j e c t i o n s are margins o f 
e r ro r at the 95% CL) 
Part c - other information 
Total no. of text characters 6 5,659*809 (41,189) 
Total (-15 coded) distance no data to project 
Total inked in l ine segments 768,765,365 (335,963) 
Total inv i s ib l e segments 173,153 ( 542). 
Total segments generated 768,938,518 (336,504) 
Total distance 
generated by l i n e s : 4,215,581km ground (1,219km) 
1,686,232m map 
No. of DMC records 1,239,969,874 (587,919) (331 tapes). 
No. of points 816,710,565 (362,338) 
No. of ignored codes 370,035 ( 381) 
/ 
No. of ignored records 25,294,863 (' 27,849.) (DMC - 8 bytes) 
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